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ABSTRACT 
To control worker exposure to toxic contaminants or to nuisance dust, local 
exhaust systems are employed. Exhaust or captor hoods are of particular interest to 
researchers, and a fair amount of work has been carried out in that field. A complete 
experimentally based three dimensional picture of the velocity field in front of such 
hoods has until n o w not been available. Quite a few researchers have modelled the 
velocity field mathematically in a three dimensional manner, but their work was 
based on classical fluids theory not on proven experimental data. Other researchers 
w h o developed experimentally based predictive models did so for one dimensional 
centre line velocities only. During this research project a detailed investigation was 
made of the velocity field in front of circular, square and rectangular inlets, flanged 
and unflanged. Velocity data was measured experimentally, mathematically modelled 
and then stored in computer files. A computer program was written that predicts the 
air flow velocity and velocity ratio from information supplied by the user of the 
program. Typical inputs to the program are inlet shape, inlet size, air flow rate and a 
parameter indicating if the inlet is flanged or unflanged. The final computer model 
was tested and it was found that the maximum detectable error is less than 5%. This 
experimentally based three dimensional predictive computer model should prove to be 
an effective aid to designers of local exhaust ventilation equipment. 
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1.0 INTRODUCTION 
Local Exhaust Ventilation (L.E.V.) systems are primarily used to control worker 
exposure to toxic airborne contaminants or nuisance dust. The control system is a 
ducted air system that prevents the contaminants escaping from the process or 
processing area and spreading into the working environment. The contaminants are 
spread through the workplace by various mechanisms. Soldering and welding 
operations will release and spread contaminants through the motion of hot air, where 
as polishing, grinding and buffing operations convey particles and dust through the 
inherent process motion. The contaminants are removed by means of enclosures, 
receptor hoods, or captor hoods. Each of these major types of collecting hoods work 
on different principles. The enclosure hood for instance surrounds the contaminant 
source as much as possible. The air flow into the hood from areas not enclosed prevent 
the contaminant escaping into its surroundings. Thus the more complete the enclosure, 
the less air flow is needed for control of the contaminants. A receptor or receiving 
hood is one that has sufficient size and is located to catch a stream of contaminants 
directed at the hood. The air flow requirement and size of a receiving hood therefore 
depend on the volume of contaminated air coming at it. Captor hoods are removed 
from the contaminant source and reach out to capture contaminants. Enough air flow 
is necessary to generate sufficient capture velocity in the space in front ofthe hood. 
The most efficient manner of contaminant removal is to enclose the point of 
dust generation. This is not always feasible and is usually only applied when the 
danger of contaminant release is high. Receptor enclosures, for instance most fume 
hood designs, are intended to prevent contaminants escaping from under the hood but 
still give limited access to workers. Receptor enclosures are also employed in the case 
of grinders. Here the receiving hood is placed in such a manner that it is in line with 
the direction of the particles leaving the grinding wheel. In many cases it is 
undesirable that the production process is interrupted. Captor hoods are then regarded 
as a good alternative. These hoods are placed a short distance from the point of 
contaminant generation and their efficiency depends on the velocity flow pattern 
formed and the air flow rate. Captor hoods are of interest to researchers because 
although to date considerable work has been carried out, a complete three dimensional 
picture ofthe velocity flow pattern which is proven experimentally has apparently not 
been available. 
A design approach for the captor hood involves the principle of "capture 
velocity". This capture velocity is the velocity, at a point distant to the hood, required 
to capture airborne contaminants and draw them into the hood. A duct system will 
2 
then transport these contaminants to a collection point. In order to achieve this, an air 
flow must be created not only with sufficient mass flow and velocity to overcome the 
natural movement of the particle but it must also overcome disruptive forces due to 
draughts etc. If the particle is released with momentum then this must also be 
overcome, unless the direction ofthe particle is towards the hood. 
The velocity field generated by and surrounding the local exhaust hood is very 
complex and for design purposes a simple model is preferred. Early researchers 
carried out experimental studies and produced predictive models for plain and flanged 
inlets of circular hoods and rectangular hoods. The rectangular shapes ranged from 
square inlets to hoods with openings of various aspect ratios. Their work allows the 
designer to calculate the centre line velocity of the various sized and shaped hoods. 
However as helpful as this information is during the ventilation design stage, more 
complete information pertaining to a three dimensional velocity field in the vicinity of 
the hood, would be of greater value. It is this requirement that prompted the work 
outlined in this particular project. 
Although it has always been recognised that a true picture of three dimensional 
velocity profiles would be of immense value to the designer of ventilation systems, it 
was also realised that the work involved in doing this was immense if carried out in a 
similar manner to the way earlier researchers needed to approach the task. With the 
advent and rapid advance of the personal computer however, the experimental 
modelling of three dimensional velocity profiles became a somewhat less daunting 
task. Although the actual task of measuring velocities around the captor hood is still 
very time consuming, modelling this data in a presentable form can now be carried out 
with the help of computer programs. Finally all this information can then be stored 
and accessed via computer. Ventilation designers need to fully understand the 
distribution of velocity contours within a given work space for a nominated hood size 
and shape. It is this necessity that has prompted a number of researchers to attempt to 
develop programs that describe these velocity contours. These programs tend to be 
based on pure theoretical analysis aided in some cases with a limited number of field 
measurements. The aim or this particular project was to base all the analysis carried 
out on actual velocity data obtained experimentally. This meant that assumptions 
made during analysis were kept to a minimum and that information obtained consisted 
of actual measured data. 
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2.0 HISTORICAL BACKGROUND 
OF RESEARCH INTO LOCAL EXHAUST VENTILATION 
In the removal of airborne contaminants, the term "capture velocity" is a 
fundamental concept. Capture velocity is the air velocity, necessary to capture and 
remove particular types of contaminant at the point of production at some point in 
space. It has been long realised that a complete understanding of the velocity 
characteristics in front of an exhaust hood is advantageous if not essential for efficient 
ventilation design purposes. 
Over the past fifty years researchers have attempted to develop a clearer 
understanding ofthe air flow characteristics around local exhaust inlets and this was 
carried out mainly by setting up empirical equations predicting centre line velocities in 
front ofthe hood. The studies conducted by DallaValle & Hatch (1932) and Silverman 
(1942a, 1942b) are now considered classics. These researchers limited their findings 
to free standing symmetric inlets and to empirical equations which described the hood 
centre line velocity rate of change. These studies even today continue to form the 
basis of exhaust hood design. 
DallaValle's results apply primarily to circular and rectangular hood inlets either 
plain, relatively sharp edged or flanged around the outer perimeter. His investigation 
into rectangular hoods was restricted to inlets with a width to length ratio greater than 
0.2. The rectangular hoods ranged in width from 100 m m to 460 m m and their length 
varied from 100 m m to 760 m m . A selection of these sizes allowed for width to 
length ratios from 1.0 to 0.2. The circular inlets that he tested ranged from 100 m m to 
460 m m in diameter. DallaValle, by using a relatively complex analytical approach, 
was able to determine so called exact empirical solutions from the experimental results 
using dimensional and non-dimensional parameters. H e then simplified these so called 
exact solutions to non-dimensional approximate solutions, which allowed the designer 
to use simple calculations, still widely in use at this stage. This simplified computation 
method was very appropriate in the days before calculators and computers. However 
with the advent of calculators and computers to facilitate more complex calculations, 
exact equations can be used with relative ease and there is no need to sacrifice 
accuracy. DallaValle's simplified equations do have significant limitations and he 
himself was aware of some of these. The problems associated with the method are: 
i) Only one solution was provided for both, square and rectangular hoods. This 
solution fails to take into account the effects of a changing width to length ratio. 
Follow up work by Silverman (1942a, 1942b) and Fletcher (1977) proved that this is 
necessary. 
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ii) The face velocity was assumed to be constant across the entry area of the hood. 
This does not take into account the effect of the vena contracta at an exhaust inlet 
and the resulting increase of the air velocity towards the centre line of that exhaust 
inlet face. 
iii) DallaValle estimated that for a given flow rate, the centre line velocities were 
about 3 3 % higher for flanged exhaust inlets than for plain exhaust inlets. This has 
been disputed by Fletcher (1978) whose findings tended to favour a lower increase. 
iv) The degree of flaring of a hood was not taken into account. 
O f far reaching importance is DallaValle's discovery that for a given opening, the 
general shape, the distribution of velocity contours and the stream lines are the same 
regardless of the fluid flow rate. Thus if velocities are expressed in non- dimensional 
terms (ie. a percentage of the average face velocity that exists at the entry of the 
exhaust inlet) then velocity contours align themselves in the same shape and at the 
same dimensionless distance, regardless ofthe air flow rate. The above principle also 
holds for all geometrically similar but different sized openings. 
These principles of similarity are a very powerful tool in both research and local 
exhaust ventilation design. Large hoods can be tested in model form and many of their 
characteristics can be deduced in this manner. 
Silverman's work in many ways complemented earlier findings of DallaValle. H e 
carried out similar investigations, with some refinements and also studied rectangular 
inlets with aspect ratio's less than 0.2. This allowed him to deal with narrow slots, 
often used for ventilating larger tanks. The method of determining the air flow 
velocity was improved in two ways. Firstly DallaValle used a modified pitot tube and 
this limited the lower air flow velocity to approximately 0.6 meters per second (120 
feet per minute). Silverman w h o used several heated thermometer anemometers was 
able to measure air flows as low as 0.12 meters per second (23 feet per minute). Both 
researchers used a centrifugal fan with a variable speed motor for flow rate control. 
The average air flow velocities generated by the experimental system were consistent 
with local exhaust ventilation practices. These velocities generally do not exceed 25 
meters per second (5000 feet per minute). Secondly with DallaValle's pitot tube the 
measuring point for static pressure and that for dynamic pressure were well separated. 
Thus the measuring device gave an average reading over a distance rather than at a 
point as is very desirable. Silverman with his instrument was able to improve on this, 
however since the thermometer bulbs were approximately 25 m m long, an average of 
a band of that width was measured; still far from ideal. 
The narrow slots covered in Silverman's investigation ranged in width from 13 m m 
to 51 m m and in length from 250 m m to 760 m m . B y using various inlet sizes, width 
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to length ratio's of between 0.2 and 0.025 were obtained. Silverman detected a change 
of characteristics in the air flow velocity as the aspect ratio was altered. This is in 
contrast with DallaValle w h o assumed that no change takes place. 
Silverman developed empirical equations from his results and consistent with 
DallaValle's approach, simplified these for ease of use. The exact solutions of these 
two researchers do differ. Close to the plain circular inlet for instance both predict 
similar air flow velocities, however further away from the hood, estimates of these air 
flow velocities made by Silverman were between 3 0 % to 4 0 % greater than those made 
by DallaValle. Estimates for flanged inlets showed similar discrepancies. Although 
Silverman showed that there is a variation in velocity ratio as the width to length ratio 
is altered, his studies indicated that these changes were not great. As a result he chose 
to ignore these small changes and he developed equations that favoured simplicity and 
as a consequence needed to sacrifice accuracy. 
Both researchers assumed in their work that the velocity across the face of the 
hood was distributed evenly. This is not quite true due to the formation of a vena 
contracta at the centre of the inlet which tends to accelerate the air flow in that area. 
Silverman was aware of this and estimated that the centre line velocity at the face of 
the inlet is approximately 5 0 % higher than the average face inlet velocity, however 
once again he ignored this to keep solutions as simple as possible realising that further 
away from the exhaust inlet, an area most often used for contaminant control, the 
formation ofthe vena contracta has no effect. Silverman estimated that adding a flange 
to hood inlets will increase the centre line velocity outside the hood by 3 0 % to 4 0 % 
for the same volume flow rate, as air is drawn from in front of the hood only, rather 
than from both in front and behind the hood. 
Fletcher (1977, 1978) compared the results of DallaValle and Silverman, and 
found them to differ sufficiently to warrant further investigation. Fletcher's 
experiments were carried out on rectangular hoods of nine different width to length 
ratios ranging between 1.0 and 0.0625 (Fletcher speaks in terms of length to width 
ratios ie. aspect ratios of 1:1 to 16:1). The hood inlet areas ranged between 0.0025 and 
0.09 square meters, with as many as six different areas at a given aspect ratio. The 
equipment used for testing was able to produce average face velocities in the range of 
2 to 30 meters per second at the centre of the hood face. Fletcher carried out 
exhaustive testing and was able to show that earlier existing data for the design of 
slots and rectangular hoods in general was not valid over the large range of aspect 
ratios usually claimed for them. H e showed that the variation of centre line velocity 
with distance from the hood is strongly dependent on the aspect ratio of the hood and 
cannot be ignored. His findings were that as the aspect ratio increases, the velocity at a 
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given point in front of a hood decreases, for a fixed face area and flow rate. To 
facilitate calculations, Fletcher developed a set of non dimensional equations that take 
into account changing aspect ratios. H e then developed a nomogram from the derived 
equations to allow for simplified design calculations. 
In his second paper Fletcher (1978) argued that the addition of a flange to a local 
exhaust ventilation hood can produce a large increase in velocity in front of the hood. 
H e also concluded from his findings that an optimum flange width exists beyond 
which there is little further increase in velocity. This optimum flange width value was 
found to be equal to the square root of the area of the exhaust inlet. Other findings 
were that as the aspect ratio increases, the effect of flanges increases and that even the 
addition of small flanges to slots can have an appreciable effect. Velocity increases of 
over 5 5 % were measured in front of hoods of aspect ratio 16:1. N o empirical 
equations were developed to quantify the increase in air flow velocity when a plain 
inlet is flanged. 
Fletcher and Johnson (1982) developed full velocity contours around the centre 
line of local exhaust ventilation hoods and slots, again up to an aspect ratio of 16:1. In 
their paper these researchers showed how a nomogram, previously presented to give 
centre line velocities in front of a freely suspended hood, can be used to predict 
velocity contours around a hood. The method used, is very approximate but it can also 
be used to predict velocity contours in the presence of a plane at the edge of an inlet. 
Lately Fletcher's research , (Fletcher and Johnson, 1985), has concentrated on capture 
efficiency as a concept to replace the concept of capture velocity. Capture efficiency 
was defined as —x 100, where GQ is taken as the contaminant generation rate and G is 
the rate at which it is removed by the hood. Instead of requiring a local exhaust 
ventilation system to attain a certain capture velocity at the contaminant source, their 
approach was to require the system to yield a given capture efficiency. However 
although this concept may be excellent in describing system capabilities, it does not 
give the designer any idea of what air flow velocity to aim for when aiming to capture 
a certain contaminant. 
Garrison and Byers (1980a, 1980b) investigated circular, rectangular, and slot 
exhaust inlet configurations for low volume / high velocity ( L V / H V ) air flow 
conditions. This type of air flow has come to the attention of researchers as it provides 
an effective medium for the capture of dust generated by hand held tools which is 
difficult to control by conventional methods. These L V / H V systems are especially 
designed exhaust nozzles located near the point of contaminant release. Nozzle face 
velocities used by these researchers ranged from 50 to 150 meters per second, 
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producing flow rates of 1.4 to 5.6 cubic meters per minute. The circular nozzles were 
constructed with an inside diameter of 25.4 m m and consisted of seven different 
profiles. These profiles included shapes such as plain, flanged, flared and circular. All 
rectangular nozzles were constructed with an inlet area of 645 square millimetres and 
their width to length ratio ranged from 1.0 to 0.1. Both plain and flanged shapes were 
investigated. The analytical approach used by Garrison & Byers utilised two simple 
non-dimensional equations that described the centre line velocity gradient. Data was 
plotted on logarithmic scales as velocity ratio verses centre line distance by the 
exhaust inlet width ratio. T w o straight line approximations were then made, each 
covering one half of the total distance from the hood. These researchers also evaluated 
results for rectangular nozzles with different aspect ratios and found enough variance 
to recommend that the aspect ratio should be taken into account when exhaust inlet 
velocity data is supplied. A n empirical design data matrix was then developed that 
takes into account both the shape and aspect ratio of each exhaust inlet. The centre line 
velocity at the face ofthe exhaust inlet was found to be only about 1 0 % higher than 
the average face velocity, therefore far more equally distributed than the face 
velocities of larger exhaust inlets. Flanging these far smaller exhaust inlets did not 
result in the rather pronounced centre line velocity increase estimated to be present 
with the larger hoods studied by DallaValle, Silverman and Fletcher. For normal 
circular and square inlets an approximate 1 5 % increase can be expected, however this 
value can grow to 3 0 % when the aspect ratio is increased to 10:1. 
Whereas Fletcher's nomogram simplified the designer's calculations, Garrison's 
matrix of centre line velocity solutions is ideally suited to computer computations. 
Fletcher (1982), compared centre line velocity data predicted by DallaValle, 
Silverman, Fletcher and Garrison. H e found that the data obtained by DallaValle and 
Silverman differed significantly from the data gathered by Garrison and that of his 
own findings. However Garrison's data is in close agreement with Fletcher's data. 
Garrison (1983) proposes concepts useful for approximating air flow 
characteristics of local exhaust inlets when situations are significantly different from 
those that had been studied previously. Exhaust inlets experimented with to that date 
had in the main been assumed to be free standing, simple in shape, symmetrical, one 
dimensional and free of air turbulence such as draughts. In the "real world" of course 
exhaust inlets: 
i) D o not have to be symmetric. 
ii) D o have to perform in a three dimensional environment. 
iii) D o have to contend with air turbulence. 
iv) A n d obstacles often deform the normal flow pattern ofthe exhaust air. 
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In the paper Garrison proposes that stream lines and velocity contours are both used to 
envisage and quantify capture velocities. These can then be sketched freehand to 
effectively represent exhaust inlet flows. H e also suggested that (as in classical fluids 
theory) velocity vector addition could form the basis from which complicated exhaust 
inlet configurations may be approximated as combinations of simple exhaust inlet 
building blocks. This concept is illustrated in figure 1 for three plain rectangular inlets 
oriented 90 degrees apart on their edges. The velocity potentials for the shown 
compound inlet were obtained by superimposing equal velocity contours for each of 
the three component inlets. 
Fig 1. Velocity potentials for a three part compound exhaust hood 
(After Garrison, 1983) 
Garrison also proposed the use of imaginary exhaust inlets to represent air flow 
characteristics when external boundary surfaces are involved. In this manner the 
addition of real and imaginary velocity potentials result in a description ofthe air flow 
for a real exhaust inlet and boundary surfaces. This concept is illustrated in figure 2. 
Here the air flow from a single inlet located above a flat surface is approximated by an 
identical imaginary mirror image inlet located below te surface. The flat surface acts 
as a plane of symmetry between the real and imaginary inlets, corresponding to a 
central streamline between them. The velocity potentials for the real, above the surface 
inlet, are the same as would result from vector addition for the two inlets. In a later 
study Garrison and Park (1988) prepared a computer design model for approximating 
velocity characteristics of local exhaust inlets. The model was designed for use on a 
personal computer and provides approximate constant velocity contours for plain and 
*S 
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Fig. 2 Imaginary inlet to represent airflow with a single boundary surface 
(After Garrison, 1983) 
flanged exhaust inlets having circular, rectangular and narrow slot end shapes. The 
computer design model is able to handle configurations such as single and two 
identical inlets, a single inlet with a nearby boundary surface, and a single inlet in the 
presence of a cross draught. Several major approximations were applied to expand the 
application of existing empirical data for centre line velocity gradients to obtain 
mathematical and graphical representation of velocity contours. The model also 
provides comparisons of the empirical results of different investigators and offers a 
means of approximating velocities at points in the air flow specified by the user. The 
model is a first generation one and as such is still very limited. The velocity contours 
generated are for a centre line plane only and as such not three dimensional. A basic 
understanding of local exhaust hood design is needed to avoid making errors, however 
despite these limitations it can serve as a useful tool in the development of a designs 
for local exhaust inlets. 
The studies so far described are based on empirical data and for centre line 
velocities only. This project also was based on actual velocity data obtained 
experimentally but measured three dimensionally. However, some researchers at the 
present are utilising various analytical methods such as potential flow theory, finite 
difference theory and finite element theory. Although analytical methods are not 
directly related to the work carried out in this project, a historical background would 
not be complete without mentioning this important work even if only briefly. Flynn 
especially, in conjunction with other researchers (Flynn and Ellenbecker 1985; 
Conroy,Ellenbecker and Flynn, 1988; Flynn and Miller, 1988; Flynn and Miller, 1989; 
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Flynn and Fitzgerald, 1989; Flynn and Shelton, 1990; George, Flynn and Goodman, 
1990; K i m and Flynn, 1991) has developed these techniques extensively. Flynn and 
Ellenbecker (1985) built on the work of previous investigators by making use ofthe 
potential flow theory. The theory was used to define the three dimensional velocity 
field in front of a flanged circular hood and then a comparison of these computed 
results was made with the empirical data obtained by DallaValle. The result was an 
equation that predicts, according to the author, the velocity with reasonable accuracy 
for these conditions. Further studies were carried out by Conroy, Ellenbecker and 
Flynn (1988) using the potential flow theory to develop expressions for the velocity 
components present as air flows into a flanged slot. Flynn and Miller (1988) and Flynn 
and Fitzgerald (1989) compared a number of analytical models used at that stage with 
available empirical data. A little later Flynn and Miller (1989) again joined forces to 
investigate the suitability of the boundary integral equation method for modelling 
local exhaust inlet flow fields. Boundary layer separation as applied to exhaust hood 
design was studied by George, Flynn and Goodman (1990). A mannequin was used to 
determine a worker's breathing zone concentration. More of the same work was 
carried out by Flynn and Shelton (1990). and by Kim and Flynn (1991). Further work 
in predicting breathing zone concentration as applied to shielded metal arc welding 
was carried out by Suden, Flynn and Goodman (1990). 
Anastas and Hughes (1988) are other researchers very interested in the use of 
analytical methods to predict air flow models in front of exhaust inlets. They presented 
centre line velocity models, based on potential flow theory, for circular and 
rectangular openings and compared these with experimentally obtained data. Anastas 
and Hughes (1989) then took the finite difference method for computing flow into 
local exhaust hoods a little further. Former models were analytical solutions of 
Laplace's equation and were possible because the velocity potentials at a given point 
in space could be calculated. However as the geometry of the hoods become more 
complex, close-formed solutions to these Laplace equations become more difficult and 
numerical methods of solution were called for. These researchers developed a finite 
difference method for predicting the air flow into plain and slot configurations. 
Anastas (1991) then went ahead to explore the feasibility of approximating the equal 
air velocity contours for any shape of local exhaust hood. The procedures used met 
with some success, but more work is needed to ensure that the results obtained 
compare favourably with empirically measured data. 
Esmen also worked together with a number of other researchers to advance the 
understanding of air flow in front of exhaust inlets (Esmen, Weyel and McGuigan, 
1986; Esmen and Weyel, 1990). His early work explored the possibility of fitting 
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different geometric shapes to velocity contours, Esman, Weyel and McGuigan (1986). 
Later work has included attempts at exhaust hood design optimisation in which 
exhaust inlets of different shape and size were experimented with, Esmen and Weyel 
(1990). Procedures outlined seemed to have met with some success, but more 
empirical data is needed before a definite conclusion can be reached. Effects of 
turbulence on captor efficiency were also studied. 
Garrison, Park and W a n g (1988), explored the possibility of using the finite 
element method as a means for approximating velocity characteristics of local exhaust 
inlets. In their study a number of configurations were modelled and compared with 
experimental data. Although the models developed were two dimensional only, they 
postulated that three dimensional applications would be possible in the future. Overall, 
the authors predicted that the finite element method promises to be a very useful tool 
for computer modelling of air flows into local exhaust inlets. A year later Garrison and 
Park (1989a, 1989b) evaluated both the finite element method and the earlier 
developed graphical approximation method (Garrison, 1983). Their aim was to use 
these modelling techniques to obtain velocity contour data. Free standing and bounded 
inlets were used. Stream lines near a boundary were visualised by the use of an oiled 
plate. Results obtained were then compared with available experimental data. Their 
conclusion was that both, the finite element method and the graphical approximation 
method, approached the actual velocity contours reasonably well but for a plane along 
the centre line only. They found that the finite element method was the most versatile, 
however much more work needed to be carried out. 
Swedish researchers at the Ventilation Division, National Institute of 
Occupational Health, Solna, Sweden over the last decade or so have been interested in 
describing and modelling air movement outside exhaust openings. Jansson, one of the 
institute's senior researchers, has worked on capture efficiencies of local exhausts for 
grinding (Jansson, 1980), and conducted an investigation into contaminant capture 
(Jansson, 1982). Somewhat later Jansson and Alenius advanced that work by 
mathematically modelling the air flow fields outside the exhaust openings, (Jansson, 
1989 and Alenius, 1989). To this end they provided an interactive computer program 
called " Air Flow and Particle Transport Into Local Exhaust Hoods ". The program is 
based on solving the continuity and Navier-Stokes equations. Numerical procedures 
were used to solve these equations. The program is restricted to circular and 
rectangular shapes, but is able to cope with the impact of cross wind and air jets. The 
program allows the user to define and then change conditions, combine multiple flow 
fields and work with different particle emission sources. Some of the variable 
parameters are exhaust hood configuration, air flow, particle size, density and 
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emission characteristics. Optimising the local exhaust hood performance is possible as 
the program can be used for testing exhaust capture of particles under different 
conditions. The program is quite powerful, with a largely graphical output that shows 
exhaust opening, air velocity vectors and particle trajectories. 
A s the program is based on theoretical solutions, boundary conditions which are 
not always exactly known, have been predicted or assumed. Assumptions made 
during this process resulted in solutions that contain some error close to the inlet, but 
the authors claim good compatibility with other published results away from the hood 
face. However, centre line velocity profiles have been the only published experimental 
results available to compare this program with. As these profiles are one dimensional 
only, it is possible that the accuracy of the program predicting air flow velocities in a 
three dimensional system is not exactly known. 
In the last few years some of the research has been aimed at improving the 
efficiency of exhaust hoods. McLoone, Guffey and Curran (1993), studied the effects 
of hood shape, hood size and air flow velocity on the hood entry loss factors. It was 
found that entry loss factors were independent of aspect ratio, however it is dependent 
on the ratio of the inlet face area to the connecting duct area. The relationship found 
indicated that as this ratio increased the entry loss factor decreased. It was also found 
that the entry loss factor decreased with an increase of air flow velocity. 
Fig 3 Outline ofthe Aaberg Principle 
(After Hunt and Ingham, 1992) 
Other researchers, (Hunt and Ingham, 1992, Saunders and Fletcher, 1993) have 
tried to assess possible improvements by using the so called Aaberg exhaust hood. The 
Aaberg principle works by fitting a flange to the exhaust inlet through which air can 
be ejected, in a controlled manner, radially from a narrow slit as shown in figure 3. 
The movement of air induced by the radial jet is principally in the direction of the 
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longitudinal axis of the hood. Thus the air flow into the hood is due not only the 
suction of the hood, but is also influenced by the air entrained by the radial jet. The 
result is that the Aaberg exhaust inlet is capable of a much greater reach than a 
standard type inlet. A mathematical model of the air flow in front of such a hood was 
developed by Hunt and Ingham (1992). The results ofthe model were compared with 
the very limited experimental data available and found to be in agreement. Saunders 
and Fletcher (1993) also found that the capture distance of a hood can be greatly 
increased by using the Aaberg principle. They experimented by varying the air flow 
through the flange and found that there was an optimum flow rate. A small amount of 
air ejected through the flange had little effect on the suction capabilities of the hood. 
In other word the hood acted as an ordinary local exhaust ventilation hood. As the 
amount of ejected air was increased the hood, under the influence of the expanding 
radial jet, was able to capture from an increased distance. However if the amount of 
radially ejected air was increased past an optimum rate, the volume of contaminated 
air reaching the hood inlet was found to be greater than the amount of air being 
removed by the suction opening. As a consequence the capture distance began to fall 
and with it much ofthe advantage gained by the use ofthe Aaberg principle. 
M u c h work has been carried out over the years in the area of local exhaust 
ventilation so that a better understanding of the velocity field outside a local exhaust 
hood is obtained. Earlier researchers concentrated on experimental information that 
could be expressed in the form of simple equations. Due to the very large amount of 
work involved, the solutions which evolved consisted mainly of one dimensional 
centre line velocity information only. This, although very useful information, still does 
not give a complete picture ofthe efficiency of captor hoods. In the last decade or so 
other researchers have concentrated on a more theoretical approach to describe the 
velocity field in front of a local exhaust opening. This method has some problems as 
boundary conditions are not easily defined. The method can however take into account 
some factors such as local draughts, emission characteristics and particle inertia. A 
complete understanding ofthe velocity field in front of capture hoods is necessary for 
efficient design of these air flow inlets. However, apart from brief check 
measurements, no one has studied extensively the phenomenon in three dimensions 
and produced an experimentally obtained data bank which holds air flow velocity 
information pertaining to any point in space in front of exhaust hoods. This was the 
reason for proposing this project. The proposal envisaged a method of collecting 
information pertaining to the three dimensional velocity distribution in the vicinity of 
exhaust hoods, consisting of various sizes or shapes, and then to develop a computer 
model that predicted this air flow distribution. 
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3.0 OBJECTIVES OF THE PROJECT 
3.1 INTRODUCTION 
The most difficult local exhaust ventilation systems to design are those that 
employ exterior type captor hoods. Control of airborne contaminants depend on the 
ability of the captor hood to prevent these contaminants from moving away from the 
hood and spread into the workplace. This ability to capture and contain contaminants 
is a function of the velocity field surrounding the captor hood. It is therefore very 
important that the designer is able to obtain a complete understanding ofthe behaviour 
ofthe air flow of such a field in front of these captor hoods. To facilitate that need it 
was proposed, for this project, to obtain all the information pertaining to a three 
dimensional velocity field in the vicinity of a number of differently shaped and sized 
captor hoods. Once this information was obtained a convenient method needed to be 
devised to convey the information to the ventilation system designer. To achieve these 
objectives it was necessary to: 
i) Collate a database of air flow velocities present in three dimensional space around 
flanged and unflanged exhaust hoods of various shapes. 
ii) Summarise the above information mathematically, to enable prediction of 
velocities at all points in three dimensions in the space in front of those exhaust hoods. 
iii) Develop a computer model to compute the air flow velocity at any point in three 
dimensions in front ofthe flanged and unflanged exhaust hoods of various shapes and 
sizes. 
3.2 PREVIOUS EMPIRICAL RESEARCH 
Earlier studies carried out in local exhaust ventilation have concentrated on the 
development of empirical equations. These relationships defined the centre line 
velocity gradient as a function of various parameters such as hood size, hood shape, 
air flow, hood face area and the distance from the hood face at the centre line. These 
empirical relationships and a lot of practical experience, have formed the basis for 
local exhaust design. 
These existing one-dimensional empirical equations are limited because they 
apply to single symmetrical exhaust inlets that are freestanding and unobstructed. 
Nearby external boundary effects are also ignored. 
The velocity field away from the centre line is often of great importance, be it for 
assessing the performance of a captor hood or for designing new captor hoods. If the 
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contaminant source is away from the centre line or subject to disruptive air 
movements like draughts, information based on centre line velocity gradients only, 
will not be sufficient. For contaminant sources which cover a considerable area a 
similar problem occurs and more information is needed to give accurate predictions of 
hood performance. Slot hoods especially, are designed with the expectation of 
capturing contaminants that are being generated over a wide area. Consequently part 
of a contaminant source can be situated a long way from the centre line. What is 
needed is a clear three dimensional picture ofthe velocity contours bounding the space 
in front ofthe captor hood. 
3.3 THEORETICAL RESEARCH 
Over the last decade or so a number of researchers have been involved in 
extending the one dimensional concept and they worked towards a better 
understanding of the three dimensional velocity field in front of the hood. These 
researchers have attempted to construct mathematical models of these velocity fields 
by using various analytical methods. Air flow into a captor hood is modelled by using 
governing flow equations based on potential flow theory which have specified 
boundary conditions representing a phenomenon of interest. The finite difference 
method, the finite element method and many other numerical approximation 
procedures were developed as a means for solving very complex (and otherwise 
probably unsolvable) engineering design problems. These potentially powerful 
computational tools are for instance used extensively in the field of stress analysis. 
The numerical procedures were used to solve fluid flow equations and to describe the 
movement of a particle or contaminant in a flow of air. This type of approach can only 
be attempted if a number of assumptions are made. First of all ideal air flow is 
assumed, in other words, it is assumed that the air flow acts as a steady state 
frictionless incompressible fluid. The air flow is also assumed to be irrotational with 
negligible viscosity. There are a number of other assumptions and constraints, that 
need to be made or catered for, before a theoretical solution can be attempted. Some of 
these are: 
i) In general the solutions are only two dimensional. However due to the symmetry 
ofthe velocity field about the centre line axis of some types of exhaust hoods, this two 
dimensional information can be enough for a three dimensional solution. 
ii) The models use a network that is based on half circles or half ellipses to describe 
the surfaces of equal velocity. These conditions are usually not obtained. A relatively 
short distance away from the entrance of the hood these velocity contours tend to 
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approximate the half elliptical shape, however closer to the hood face this pure half 
elliptical shape is never achieved. As the distance between the hood face and the point 
of interest is increased, the hood inlet approaches a point or line sink. Thus especially 
at larger distances from the hood face the contours tend to take on a more spherical, or 
the case of a slot hood, a more cylindrical shape. 
iii) The velocity at the entrance of the hood is considered to be constant across the 
opening. This assumption is far from true as a vena contracta is formed resulting in 
higher than average velocities near the centre line of the hood face and much lower 
velocities near the edges of the hood. Especially in the case of square hoods or square 
ended slots there will be little if any air flow in the corners of these hoods. This vena 
contracta is more pronounced with sharp edged hoods than with those that are fitted 
with flanges. 
iv) The direction of the air flow is usually assumed to be at right angles to the hood 
face. This is true towards the centre line of the hood but air flowing into the hood near 
the hood edges has a direction other than that assumed. At the edge of the hood this 
direction is closer to parallel to the hood face. 
v) The air flow direction near the flange is assumed to be parallel to this flange. This 
once again is not completely true as there is a tendency for the air stream to bend 
around the edge ofthe flanges. 
vi) It is assumed that the flanges are large enough to prevent air being drawn in from 
behind the flanges. This is not always true because real life flanges come in all sizes. 
The width of the flange usually taken to satisfy the above condition is 4~A , Fletcher 
(1978), where A is the area ofthe exhaust hood opening. Fletcher proved that at that 
particular width the maximum advantage provided by flanging has been obtained, 
however experimentation shows that near the flange edge higher than normally 
expected air velocities exist and that some ofthe air is drawn from behind the flange. 
vii) The theories examined assumed slots to be two dimensional and also assumed that 
the air flow velocity along the length of the hood is constant. This assumption is 
incorrect as it has been noted during the experimentation period of this project that 
there is a variation of the air flow velocity along the length of the hood and that this 
divergence should be accounted for if accurate results are the aim. The above variation 
increases as the aspect ratio ofthe hood increases. At the end of a slot the air flow is 
three dimensional and this is also not taken into account. 
viii) Due to the above restrictions, researchers when verifying the validity of their 
work have chosen sample points well away from the inlet of the exhaust hood. They 
have been quite aware of the restrictions placed on their theories due to having to 
specify workable boundary conditions. 
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The differences between the so called "real world" conditions and those simplified 
early experimental and theoretical findings are many and some of these have already 
been discussed above. One final important point to make is that none of the theories 
can cope with the presence of obstacles. Obstacles could for instance be a work piece 
or it could very well be part of the exhaust hood itself. These obstacles create a 
significant air flow disturbance and are not easily taken into account in any type of 
model. 
Conclusions can be drawn that idealised theoretical models of velocity gradients 
in front an exhaust hood are far from exact. However solutions can still be very useful 
to the designer of local exhaust ventilation w h o otherwise has very little information. 
One of the most beneficial properties of the idealised theoretical approach is that 
velocity gradients are expressed in vectors. Thus not only the magnitude of the 
velocity stream lines is known but also their direction. This is of enormous value if the 
air flow is subjected to disturbances such as draughts for instance or if the system is 
designed to capture particles with an initial velocity. Solutions in these cases can 
consist of a number of velocity vectors that can be added to give information on 
interacting forces. 
3.4 TASKS CARRIED OUT TO DEVELOP THE MODEL 
As indicated, in the design of local exhaust ventilation equipment, it is necessary 
to obtain information pertaining to a three dimensional velocity field in the vicinity of 
the exhaust hood. In other words what is needed is a clear picture of the velocity 
contours bounding the space in front of the captor hood. This information is not 
apparently available at the moment in an empirical form, although some researchers 
have attempted to predict velocity contours theoretically. 
The objective of this project was to formulate criteria and develop a computer 
model that will predict the above velocity contours from information obtained by 
actually measuring the air flow velocity rather than depend on information evolved 
from theoretical development. To realise the objectives of the project the following 
tasks were carried out: 
1) The development of an efficient method of gathering the large volume of air flow 
velocity data. 
2) The selection and calibration the different air flow measuring devices. 
3) A suitable test rig and its ancillary equipment was designed and built. 
4) A computer program was then used to transform these air flow velocities into 
percentages ofthe average exhaust hood face velocity. 
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5) Relationships in the form of empirical equations were formulated, which can be 
used to predict velocity profiles. 
6) Constant velocity profiles were produced for the various types of hoods tested. 
7) The effect on velocity profiles, when the hood shape is held constant but when the 
size ofthe exhaust hoods is varied, was investigated. 
8) The effect on velocity profiles, when the air flow rate is varied but when the same 
size and shape exhaust hood is used, was investigated. 
9) The effect on velocity profiles, when rectangular hoods with different aspect ratios 
are used, was investigated. 
10) The development of a computer model that determines the air flow velocity at 
points in front of exhaust hoods. 
A requirement of the computer model was the need to predict the velocity 
contours within a given work space for a nominated hood. Appropriate input 
parameters were seen to be as follows: 
i) The hood shape. 
ii) The hood size. 
iii) The flow rate. 
iv) A statement that indicates presence or absence of an optimum flange. 
v) Place of interest in space. 
The minimum output information of this computer model was formulated to be: 
i) The average hood face velocity. 
ii) The ratio of actual velocity at a nominated point to average hood face velocity. 
iii) The actual velocity at the point in question. 
It was envisaged that with the predicted velocity gradient and a given capture 
velocity of a contaminant or particle, the success of a particular local exhaust 
ventilation design can be evaluated. Another requirement ofthe computer model was 
that it be flexible enough for the user to change the input parameters and observe the 
resulting effects. 
During past attempts, to predict three dimensional velocity contours by pure 
theoretical analysis, it was found that a number of assumptions needed to be made so 
that the complexity of the problem could be simplified to ensure that a solution 
formulation was possible. However in this project the objective was to create velocity 
contours from actual experimentally measured data. Assumptions made in this type 
of environment can be held to a minimum and easily quantified. It was also thought to 
be most important that the program generated could be used by practising 
professionals w h o are not necessarily experts in the field of fluid dynamics. 
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4.0 DESIGN OF THE EXPERIMENTAL VENTILATION RIG 
4.1 OVERVIEW 
To realise the objectives of this particular project there was a need to examine the 
velocity gradients outside local exhaust ventilation hoods. This velocity field needed 
to be scrutinised quantitatively and visually in a three dimensional manner. Air flow 
streamlines if made visible can give an understanding of the velocity field. They can 
show the directions of the air flow at different points in front of the exhaust hood and 
can draw the attention to disturbed or distorted flow conditions. 
The design aims of the experimental ventilation rig as they were envisaged can 
be summarised as follows; 
i) The air flow rate at the exhaust inlet must be capable of reproducing conditions 
found in practical ventilation situations. 
ii) The air flow must be unaffected by uncontrolled disturbances such as draught or 
other interference. 
iii) A facility that allows the measurement ofthe air flow velocity at points in a three 
dimensional manner around an exhaust hood must be provided. 
iv) Provision must be made to enable observation of air flow streamlines in a 
qualitative manner so that a complete understanding ofthe air flow field in front of an 
exhaust hood can be obtained. 
v) The air flow rate should be variable. 
vi) Provision must be made to measure the air flow rate accurately. 
vii) Steady flow conditions must prevail at the point ofthe air flow rate measurement. 
viii) Provision must be made so that testing of a variety of exhaust hoods of different 
size and different shape is possible. 
ix) The experimental ventilation rig should not be solely dedicated to the task at hand 
but should also be of use for activities such as undergraduate teaching. 
A n experimental exhaust air flow facility was designed and manufactured to 
meet the requirements above. A simple diagram of the system outlining the main 
features and a photograph ofthe facility are presented in figures 4 & 5. In order to 
keep the cost of components and fabrication, necessary to built the system, down to a 
minimum the design features were kept simple but still effective. At some other stage 
in the future components that refine the system can be added. The collecting method 
of air flow velocity values might be mechanised for instance and the fitting of a dust 
collecting system would make the facility useful for other investigations. 
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Fig. 4 Experimental Ventilation Rig (schematic) 
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Fig 5. Experimental Ventilation Rig (photo) 
4.2 DUCTING DESIGN 
Local exhaust ventilation air flow velocities, at the centre of the hood face, of 
approximately 25 meters per second are often encountered. That air flow in the plane 
ofthe hood face, for example, will provide for an approximate capture velocity of 2.5 
meters per second a diameter in front of a circular exhaust hood. A capture velocity of 
2.5 meters per second will cater for a medium velocity release into a moderate air 
movement; a criterion aimed for in this project. It is for the above reason that a design 
criterion was set that aimed at an air flow velocity of 30 meters per second in the 
centre of a 200 m m circular exhaust hood at the face. To ensure that the correct size 
fan was selected the ducting diameters were closely evaluated. The magnitude of the 
pressure losses in a system is proportional to the square of the air velocity through the 
ducts and other components. As the velocity depends on the duct size (ie. a larger duct 
size will produce a lower velocity for the same air flow rate and hence lower losses) 
a smaller type fan can be installed if air ducts of large diameter are used. O n the other 
hand smaller diameter air ducts are less expensive to fabricate, saving initial cost. It 
was envisaged during the design of the ventilation rig that at some stage the facility 
may be used to transport dusts. Systems, handling dusts or other solids, require a 
minimum duct air velocity to prevent the material from settling in the ducts. During 
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the design of the ventilation rig it was envisaged that none of the air flow 
measurements would be carried out in the presence ofthe heavy dusts, therefore a duct 
air velocity of approximately 20 meters per second in the greatest diameter duct was 
chosen. 
Before the final selection of duct diameters was made, attention was paid to the 
general size of exhaust hoods. A n exhaust hood inlet area of approximately 0.04 
square meter was decided on for the two following reasons. First of all the above area 
is large enough to keep interference ofthe measuring probes to the air flow acceptably 
low. This interference factor is most pronounced when velocity measurements are 
made close to the hood face. Further away from the hood the probe area is a smaller 
proportion ofthe flow contour surface area. In B.S. 1042 (1983) it is suggested that 
stem influence can be neglected when the ratio of the probe diameter to that of the 
measuring duct is less than 0.02 if the probe is inserted no further than halfway into 
the duct. If area measurement was used in the place of diameter, than this ratio can be 
calculated to be 0.0127. The probe used was never inserted further than halfway the 
width ofthe inlet and as its diameter was 5 m m , the resulting area ratio was 0.0125 in 
the worst case when the smallest square hood was used. Thus the conditions of air 
flow measurement adhered to those recommended in the standards. Secondly this size 
inlet area is suited to a duct diameter of approximately 200 m m , a size that is small 
enough not to need a very large fan. 
4.3 FAN AND MOTOR SELECTION 
A centrifugal fan was selected not only because it is the most common type of fan 
used in ventilation systems but also because this type of fan has the properties needed 
for the work intended. The centrifugal fan has an efficiency that is higher than that of 
axial fans, it can also cope far better with fluctuating air flow rates a condition which 
in experimental work will purposely be introduced. The axial fan also tends to be 
noisy, something that should be avoided especially in laboratory conditions. A 
backward inclined blade fan was chosen because unlike the forward curved fan and 
for that matter the radial blade fan, there is no sharp incline in horsepower needed as 
the volume flow rate rises and operating points are intrinsically stable. This feature 
once again makes it ideally suited to experimental work where fluctuating operating 
conditions are common. The design of the fan tends to be larger and heavier than 
others with the same capacity, however redeeming features are its suitability for heavy 
duties and it is able to produce relatively high pressures. The systems resistance losses 
were estimated and then matched with the characteristics of a number of centrifugal 
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fans. The fan finally selected was a Richardson type C P S size 490. At its m a x i m u m 
speed of 1535 r.p.m. this particular fan is able to create an air flow rate of 4.6 cubic 
meters per second allowing for the flow resistance expected. For this project the 
maximum air flow rate needed was estimated to be 2.5 cubic meters per second 
permitting good fan efficiency and leaving enough capacity for future projects. 
The air flow rate of the experimental ventilation rig needs to be variable because 
the velocity field in front of the exhaust hoods is being studied under fluctuating 
conditions. To enable the operator to alter the air flow rate quickly a variable speed 
motor was selected. A Schrage motor with a capacity of 3 k W at 2160 r.p.m. was 
found to be unused and available. The machine is capable of a speed variation from 
zero to approximately twice synchronous speed making this induction type machine 
ideally suited to the task. The simple operation of a hand wheel which controls the 
brush movement is the means of regulating the speed of this motor. 
Control dampers were fitted to the discharge outlet of the ventilation rig. This 
feature, in addition to the variable speed properties of the motor, allowed another 
means of changing the air flow rate ofthe experimental facility. 
4.4 VELOCITY DISTRIBUTION 
It is of the utmost importance that accurate measurement of the air flow rate can 
be made in this testing facility. The rig was designed so that it could utilise a number 
of different air flow measuring devices because it was envisaged that students would 
also make use of the facility in the course of practical work requirements. Provision 
was made to incorporate, if needed, orifice plate fittings, annubar fittings and pitot 
tube fittings. Air flow measurements can also be carried out at the exhaust inlet and at 
the discharge outlet, allowing students to experiment with the use of many different 
types of velocity measuring devices. 
To ensure the accuracy of solutions to flow equations it is important to have 
steady air flow conditions at the point of velocity measurement. Standard calibrations 
of flow instrumentation tend to be based on tests in commercially smooth pipes 
(relative roughness factor less than 0.001), of sufficient length to ensure that all 
abnormal local accelerations due to bends, fittings and inlet hoods have died down and 
that a fully developed velocity profile exists. Fully developed stable air flow in the 
measuring duct was aimed at during the design of the facility. Disturbed or distorted 
flow conditions which will be the result of separation and swirl problems or due to the 
formation of eddy currents are detrimental to accurate flow measurement. The ideal 
fully developed velocity profile is only observed in a long duct run of undisturbed 
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flow. N o side entries, bends, elbows, sudden expansions or contractions should be 
encountered. However in most field situations a more practical distance of eight to ten 
duct diameters deemed to be acceptable for a pitot-static tube, or any other instrument 
velocity measurement. Guidelines to what constitute suitable flow configurations for 
air flow measurement are given in B.S. 1042 (1983) and were adopted in this study. 
A s the space was not available to ensure ideal flow past the measuring points by 
having a long uninterrupted duct length, nests of smooth tube straightening devices 
were inserted (see figure 6). These devices were fitted in strategically placed 
positions to ensure streamlining of the air flow, before it is measured. A nest of 
straighteners was also fitted at the discharge end of the velocity measuring positions 
but in front of the fan to make certain that the centrifugal fan did not interfere with 
the velocity profile due to the throw ofthe impeller tips. 
Fig. 6 Air Flow Straighteners Installed 
Straightening tubes were fitted in the vertical exhaust duct section during 
construction. These tubes however were removed once it was realised, during the 
facility testing stage, that these straighteners influenced the direction of the air flow 
into the experimental exhaust hoods. A situation that needs to be avoided if 
examination of these exhaust hoods is the intention. 
To obtain these fully developed steady air flow conditions it is necessary to ensure 
that the flow falls outside the unstable zone and remains controlled turbulent. This 
then calls for a Reynolds number greater than 3000. That condition was achieved by 
manufacturing the flow measuring section of the duct in various sizes. These 
velocity measuring duct inserts can be interchanged when the air flow is varied. If the 
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air flow rate is low, a smaller diameter duct will still result in a relatively high velocity 
and a controlled turbulent air flow can be achieved. For high air flow rates the nominal 
200 m m diameter duct size is used as the flow measuring section. For lower air flow 
rates a 150 m m diameter duct size section is inserted. The expansion and contraction 
lengths of these flow measuring inserts were designed in such a manner that the 
change in duct diameter is very gradual to ensure that the velocity profile is not 
disturbed. 
With all the straightening assemblies in place the air flow condition once again 
was checked out in the measuring section. It was found that although the velocity 
profile was well developed and of a parabolic shape, it was not centralised in the duct. 
As the measuring section is down stream from an elbow it was decided that the 
condition was due to the inertial "throw" of air to the far wall as the air flow changes 
direction. It was then realised that straighteners are quite useless, or even worse, 
detrimental to the purpose of recovering the normal duct distribution after an elbow. 
The poor velocity distribution as a result of the elbow section will be maintained by 
the straighteners, whereas in the absence of these devices some measure of natural 
redistribution will occur in the duct length now occupied by the straightener. 
To rectify this problem guide vanes were fitted in the elbow to deflect the air flow 
without the boundary layer separations that normally occur at such a sharp bend. The 
air flow will be forced to stay more evenly distributed throughout the elbow area 
allowing for good entry into the straightening tubes. Another benefit of fitting these 
turning vanes is that it reduces the resistance to air flow. The total pressure drop 
through a bend of this type, when the radius is about 1 meter, is only about 0.08 ofthe 
dynamic pressure, compared with a drop of approximately 0.25 times the dynamic 
pressure in the case of a similar elbow not fitted with turning vanes. The use of a grid 
plate was considered. A grid is particularly effective in hastening normal duct 
distribution following disruptive devices such as the elbow. The redistributing action 
of a grid is due to the effect it has in imposing a large number of local accelerations on 
the stream which absorb their energy from the larger uncontrolled accelerations 
present after the elbow. The small local accelerations become uniformly merged and 
retarded on the outlet side and in a short duct length the velocity profile becomes well 
developed. The grid cannot function without appreciable constriction of the free area 
ofthe duct. It therefore imposes quite a large undesirable pressure drop on the system. 
Before fitting such a grid once again an assessment was made of the velocity profile 
in the measuring duct. This time it was found that the combination of both the 
straightening pipes and the guide vanes resulted in a velocity profile that was quite 
acceptable for velocity measuring purposes. It was therefore decided that a grid plate 
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would not be fitted. 
4.5 INLET FLOW INTERFERENCE 
For accurate air flow measurements the air flow into the exhaust inlet hood must 
be unaffected by uncontrolled disturbances. Floors, ceilings, walls and any other solid 
object can influence the air flow pattern. Draughts also will distort the flow. Although 
in a practical situation it is impossible to exclude all disturbances, great care was taken 
in the design and placement ofthe local exhaust ventilation test facility to alleviate the 
above problems. First of all the testing facility was designed and built in such a 
manner that the exhaust inlet was positioned vertically. This placed the exhaust inlet 
out of the way of other laboratory equipment and the floor area. The nearest wall 
distance is 2.3 meters, the ceiling distance is 2.2 meters and the hood face is 2.6 
meters away from the floor. As the greatest distance at which the air flow velocity, to 
be determined during the experimental work, was expected to be in an arc of 0.6 
meters taken from the centre of the exhaust hood face, very little interference of solid 
objects was expected. The frame from which the velocity measuring instrumentation 
was mounted is at 1.1 meters distance from the centre of the exhaust hood, the nearest 
solid object to the spherical flow field. The frame however is an open lattice type 
structure made of 40 m m x 5 m m flat material. The mild steel flat material is used on 
edge so that the projected area is relatively small and air flow interference from this 
frame should be negligible. 
Surrounding the area ofthe exhaust hood is a platform from which the researcher 
can work. Once again there are no solid surfaces and the placement of the frame is 
such that it causes no interference. The platform is also large enough for the researcher 
to step away from the flow field, during the actual measurements. 
By far the most difficult problem in a research situation like this is to overcome 
the uncertainties of draught. Normal air currents in a room can be taken as 
approximately 0.15 meters per second. In this case that figure could be further 
increased due the discharge outlet of this testing facility being situated in the same 
laboratory. During the early stages of the design of the facility, thought was given to 
this problem. Discharging the air flow through the laboratory wall to the outside 
atmosphere seemed to be for a while the most appropriate solution. The cost however 
was found to be prohibitive at the time and after careful further consideration it was 
realised that exhausting the air to the outside atmosphere also created its own 
problems. An action like this will remove air from the laboratory causing an increase 
in the air flow currents as air is being replaced through doorways windows etc. The 
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thought was then abandoned and the testing facility was built as shown in figure 4. 
The discharge duct was made with a diameter as large as possible in order to slow 
down the air velocities leaving this duct. Air currents were measured around the room 
and as close as 1.5 meters from the actual exhaust hood while the test rig was working 
and once again with the rig out of action. Air flow velocities measured with the rig not 
working ranged between approximately 0.10 and 0.15 m/sec and those measured with 
the rig working ranged between approximately 0.12 to 0.30 m/sec. W h e n this small 
increase in the room air current was detected a decision was made to erect a screen 
hanging from the ceiling, placed between the exhaust hood inlet and the discharge 
outlet duct. This screen proved to be very effective. It was found that air currents 
present during the actual testing ofthe exhaust hoods ranged between 0.08 and 0.15 
m/sec after this alteration, very similar to those present when the test facility was not 
in operation. Ensuring that all tests were carried out with an as high as possible 
exhaust inlet velocity also decreased the possible impact stray air currents could have 
on the experimental data. 
4.6 AIR FLOW MEASURING FRAME 
The air flow measuring frame is a facility designed to support a measuring probe 
while it evaluates and quantifies the air flow velocity in three dimensions around an 
exhaust hood. The support frame (Figures 7 & 8) is mounted on wheels and hinged 
Fig. 7 Air Flow Measuring Frame Fig. 8 Probe Mounting Bar Assembly 
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from the centre ofthe vertical exhaust inlet to allow the whole ofthe frame to move in 
a horizontal arc of 180 degrees around the duct. The distance of the velocity probe to 
the centre of the hood face can be altered by means of a vertically fitted slotted square 
tube (probe mounting bar) manufactured for the purpose. The probe and its extending 
rods can be locked into place on the probe mounting bar up to a distance of one meter 
from the hood face allowing for more than adequate measuring space away from and 
around the hood face centre. The velocity probe itself is fixed to a slider that can move 
horizontally forwards and backwards. This feature is not needed when square or 
circular exhaust hood inlets are under investigation but it is necessary when research is 
being carried out on rectangular shaped hoods. 
The probe mounting bar can be pivoted at the bottom end ofthe bar by a bush and 
bolt assembly. This feature enables the velocity probe, fitted to the mounting bar, to be 
moved in a vertical radial arc of 180 degrees around the exhaust hood. For accurate 
measurements the centre of this bush and bolt assembly must be in line vertically and 
horizontally with the centre of the exhaust hood face as this allows the probe to make 
a perfect arc about the hood face centre. The various exhaust hoods used were fitted to 
the ventilation rig at a fixed attachment point. Thus due to the different exhaust hood 
sizes used, the height of the hood face with respect to a datum tends to alter. To 
accommodate these variations the main measuring frame can be lowered or extended 
in a vertical manner. The above features of the measuring frame are ideally suited to 
obtain velocity readings using a polar coordinate system. A tail end extension fitted 
to the probe mounting bar is used to indicate the vertical angle ofthe velocity probe in 
degrees. As the polar coordinate grid system of measurement was found to be too 
coarse when working close to the hood face a rectangular coordinate grid system was 
introduced for the measuring of velocities in the immediate vicinity ofthe hood face. 
To aid the researcher in measuring air flow velocities according to a rectangular 
coordinate grid system, the measuring frame was designed to include a level platform. 
The velocity probe was then fitted to a height gauge and moving the height gauge and 
probe assembly horizontally across the platform gave the operator the capability of 
determining the velocity quantitatively parallel to the hood face. 
During the experimental work carried out for this particular project it was found 
that the ventilation testing facility was capable of delivering all requirements aimed 
for during the design stage. The air flow capacity of the rig proved to be sufficient 
under all practical conditions: 
i) Every flow rate needed was adequately catered for. 
ii) The velocity distribution at the points of air flow rate measurement was found to 
conform to conditions as specified in B.S. 1042 : Section 2.1 : 1983. 
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iii) The air flow pattern into the exhaust inlet seemed to be due to the conditions 
generated by the researcher and not affected by interference from nearby surfaces or 
the discharge outlet. 
iv) Finally the facility is not dedicated to research only but it has already been used 
quite effectively for undergraduate work. 
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5.0 ANCILLARY EQUIPMENT FOR THE EXPERIMENTAL TEST 
FACILITY 
5.1 INTRODUCTION 
For the experimental ventilation rig to be a fully functional testing facility, 
ancillary equipment needed to be designed. A variety of exhaust hoods, different in 
shape and size were developed and built. There was also a need to visually study air 
flow streamlines. To accommodate that requirement an air flow visualisation ring was 
designed and manufactured. 
5.2 EXHAUST HOOD DESIGN 
The fundamental concept underlying local exhaust ventilation, is the capture of 
airborne contaminants at the source. Air containing the contaminants released from a 
process being ventilated, must be captured by the ventilation facility. In many cases 
this is a most difficult task, and its success or failure depends on the specific design of 
the exhaust hood. The effectiveness of an exhaust hood design depends on a number 
of elements. The geometry of the hood will determine the air flow patterns in the 
vicinity of the hood. The amount of air being removed from the region where the 
contaminant is being released and the proximity of the hood to this position will 
determine the air flow velocity at the point of capture. 
There are many different types of exhaust hoods, almost as many as there are 
applications. Ventilation design manuals devote chapters to their design and describe 
hundreds of them. Their shapes range from plain openings to quite elaborate designs 
for specific operations. The type of exhaust inlet this project is concerned with is the 
free standing captor hood. Once again this particular exhaust hood can come in 
various shapes; however the most c o m m o n shapes are circular, square and rectangular. 
As it is impossible to investigate the many feasible design configurations, the above 
common shapes were selected. 
DallaValle discovered that for a given opening the general shape, the distribution 
of velocity contours and the stream lines are the same regardless ofthe fluid flow rate. 
The principle also holds for geometrically similar but different size openings. These 
principles were proven for one dimensional centre line velocities but needed to be 
tested, confirmed or otherwise in this project for a three dimensional situation. It was 
for that reason that a number of hoods of the same shape but of varying size were 
designed and built. 
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Previously at the University of Ballarat unpublished work was carried out to 
determine the influence, if any, the angle of taper of an exhaust hood has on the 
capture efficiency (Capes, 1988). Square exhaust hoods with an included angle of 
taper ranging from 12 degrees to 120 degrees were tested (see figure 9). The 
investigation was unable to detect significant differences between the velocity 
Fig. 9 Exhaust Hoods Manufactured with Various Tapered Transition Sections 
distribution in front of the hoods that were tested. Other researchers (Braconnier, 
1988) have found results of a similar nature and concluded that the angle of taper of 
the exhaust hood affects pressure loss rather than capture efficiency. It was decided for 
this project to taper the exhaust hoods so that entry losses were kept reasonably small 
and that the exhaust hood should be of a shape similar to those used most often in 
Fig. 10 Plain Exhaust Hoods Fig. 11 Flanged Exhaust Hood 
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practice. For the circular and square exhaust hoods the included angle ranged from 0 
degrees for say a straight conversion of a square exhaust inlet to the same diameter 
circular duct to approximately 40 degrees for the larger exhaust hood openings. For 
rectangular exhaust hoods of large aspect ratio the included taper angle was found to 
be up to 90 degrees, similar to those encountered in practice. 
Various types and sizes of exhaust hoods were manufactured for this project (see 
figures 10 & 11). Four square exhaust hoods were manufactured with an inlet size 
range of 140 m m , 200 m m , 350 m m and 500 m m . These four exhaust hoods were used 
to confirm DallaValle's principle of similarity of velocity contours in three 
dimensions. Circular exhaust hoods with diameters of 150 m m , 200 m m and 300 m m 
were manufactured to confirm the same principle for these circular hoods. Quite a 
number of rectangular exhaust hoods, manufactured with inlets of different aspect 
ratio, were required for this project. The reason being that an investigation needed to 
be carried out to find if a relationship was possible that would facilitate the prediction 
of velocity contours for rectangular hoods with different aspect ratios (length to width 
ratios). It was thought that an attempt needed to be made to use the data, obtained 
from a number of exhaust hoods with different aspect ratios, to predict the behaviour 
of exhaust hoods with an aspect ratio other than those that were tested. The 
rectangular exhaust hoods manufactured were ofthe following aspect ratio 2:1, 3:1, 
4:1,5:1,8:1, 10:1, 12:1 and 16:1. 
The cost of manufacturing all these different exhaust hoods by an outside 
company was found to be prohibitive and although the University of Ballarat has only 
very limited resources in the field of sheet metal forming equipment a decision was 
made to build these exhaust hoods in-house. Of necessity therefore the design of the 
exhaust hoods had to be such that they could be manufactured by very simple means. 
Both the inlet and outlet sections ofthe hoods were made of galvanised sheeting. The 
difficult to manufacture transition section in between these two end sections was made 
of a stiff smooth cardboard. The three sections were then taped together with a good 
quality taping material. This method of construction proved to be quite successful as 
the cardboard was easy to mould and the end product stood up to the rigorous testing 
program without deformation or other failures. 
The above exhaust hoods in a second round of testing were fitted with flanges. As 
the performance of an exhaust hood changes with the width of the flange, it was 
decided that the optimum width flange size only would be tested. From the work 
carried out by Fletcher (1978) and other researchers, the optimum flange width in the 
occupational hygiene industry is taken as the square root of the exhaust hood inlet 
area. All flanges were therefore manufactured to a width of 4 A , where A is the inlet 
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area ofthe hood to which the flange was fitted. 
A s mentioned earlier the general exhaust hood inlet area was taken as 0.04 square 
meters. All the rectangular shaped exhaust hoods were manufactured with that 
particular area so that correlations could be made. The square and circular exhaust 
hoods, made to various sizes because they were also used to demonstrate other 
phenomenon, obviously could not always adhere to the above principle. 
5.3 AIR FLOW VISUALISATION RING 
For accurate air flow velocity measurements it is very important that the direction 
of the air flow is known at all points in the flow field under consideration. In the 
ventilation testing facility the above was achieved by manufacturing an air flow 
visualisation ring as shown in figure 12. This particular device consists of a copper 
tube ring supported by both, the measuring frame and the ducting ofthe test facility. 
Fig. 12 Air Flow Visualisation Assembly 
Around the perimeter on the inside of the larger main tube provision was made to 
insert smaller smoke tubes directed towards the centre of the exhaust hood face. A 
Comet 4 Colt smoke making machine was connected with a flexible hose to the smoke 
ring. The smoke making machine uses disposable aerosol canisters and the smoke 
produced has special features which make it particularly suited for experimental use. 
First of all the smoke generated is non toxic and non irritant therefore not detrimental 
to the health of the operator. It is non contaminating and water based which is 
preferred to the rather greasy oil based products. The smoke can be passed through 
long lengths of hose without losing its density. Finally the smoke generated is quite 
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dense and white in appearance, allowing it to give good contrast against a dark back 
ground. Initial attempts to use the smoke ring were not overly successful. The problem 
was tracked down to a resistance in the smoke ring too great for the smoke machine to 
overcome. A small fan whose speed was controlled by means of a variac was then 
built into the system. Controlled speed is necessary because it is the small fan function 
to overcome the system's resistance but the smoke should not leave the device with 
any great velocity. If that happened to be the case, a true picture ofthe air flow stream 
lines due to suction only would then not be obtained. The result obtained from this air 
flow visualisation assembly is a pattern of air flow stream lines that are easy to 
observe and safe to work with. 
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6.0 AIR FLOW MEASUREMENTS 
6.1 ACCURACY 
It is ofthe utmost importance for a project like this that the air flow velocity and 
or the rate of the air flow is measured with a high accuracy. Errors associated with 
these measurements if not controlled to within acceptable limits can render the final 
results delivered by the computer model at best unreliable. 
The difficulty of making accurate air flow measurements has been recognised by 
researchers and people in different industries for a long time. There is little 
information on the magnitude of inaccuracies with which some systems have been 
measured. In the air conditioning industry for instance contract documents often 
specify air flow rates to within plus or minus 5 percent despite a confidence limit of 
about plus or minus 10 percent generally considered reasonable by installation 
engineers. Robeson (1973) an experimental officer at the time with the 
Commonwealth Scientific and Industrial Research Organisation researched this area. 
He and his colleagues conducted a series of controlled tests in which over 60 groups, 
representative of air conditioning engineers, contractors and equipment manufacturers, 
took more than 500 measurements of air flow. A test rig incorporating numerous air 
flow measurement situations that could be encountered in typical air conditioning 
installations was made available. Approximately 150 people made measurements on 
the test rig and their results were compared with measurements carried out with 
British Standard Specification Test Equipment in conjunction with Laboratory 
Standard Instrumentation. At the conclusion of the test series it became clear that the 
state of the art of measuring air flows in air conditioning installations was far from 
satisfactory. Ofthe 150 participants not one could obtain results accurate to within 
plus or minus 10 percent for all six measurement points. 
O f much interest were the results obtained for in duct air flow measurements as 
this is the means by which the actual air flow rate is calculated in the experimental 
ventilation facility. T w o instruments were used, a pitot tube and a hot wire 
anemometer. The pitot tube was first used close to a fan entry duct but positioned so 
that it was not unduly influenced by the pre-swirl created at the fan inlet. The 
following statistical information was reported in Robeson's publication. A spread of 
minus 20 percent to plus 32 percent of the control figure was found during these 
measurements, with only 52 percent ofthe observations falling within plus and minus 
10 percent ofthe actual value. Other pitot tube measurements were made some 30 
duct diameters downstream from any duct fitting liable to disturb the air flow pattern. 
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Results were found to be significantly more accurate with 68 percent ofthe operators 
being within plus and minus 10 percent of the control figure while 56 percent fell 
within plus and minus 5 percent this value. However there was still an observed 
spread of plus and minus 25 percent of the control value. A number of 
measurements were carried out with hot wire anemometers. The spread in this case 
ranged from minus 9 percent to plus 17 percent. T w o thirds ofthe operators measured 
within plus and minus 10 percent ofthe control value, but none of these were within 
plus and minus 5 percent. From personal experience while working on the current and 
other projects, this author is not surprised at these results as the hot wire anemometer 
can be very directional and as it is impossible to see the instrument inside a duct 
accidental changes to the intended direction are not easily avoided. 
Another instrument used in their series of accuracy tests was the vane 
anemometer. It is well known that its method of use has a profound effect on the 
overall accuracy of the instrument especially in an imperfectly developed, fluctuating 
air stream. It is therefore perhaps not surprising that the test results demonstrated 
errors between minus 47 percent and plus 95 percent of the control figure. As few as 
33 percent ofthe operators were able to work within plus or minus 10 percent. 
The indication was that even under optimum air flow conditions the skill of the 
operator and the accuracy of the equipment are of vital significance. It was 
recommended in their report that air flow measurements inside a duct are best carried 
out by pitot tube traverse in accordance with B.S. 1042. 
6.2 SUITABILITY OF VARIOUS AIR FLOW MEASURING INSTRUMENTS 
Errors are inherent in all measurements. Even under ideal conditions, repeated 
measurements of a reference standard will give slightly different instrument readings. 
Environmental factors such as temperature, pressure and relative humidity can also 
affect measurements. It is easy to see that errors made initially in measuring the 
quantity of air flow volume and air flow velocity at the time of experimentation will 
cause inaccuracies in the predicted results by the model. The preciseness of many of 
the most widely used air flow measurement devices are governed primarily by the 
accuracy of pressure, temperature and at times humidity measurement. It is therefore 
necessary that instruments used to measure those properties are also precise and of 
known accuracy. 
The two main positions of air flow measurement during experimentation were the 
determination of the air flow velocity at different points in front of the exhaust hoods 
and simultaneously the metering of the air flow rate within the ducting system. As 
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each of these positions are different in nature, measuring equipment suitable for one 
task m a y not be suitable for the other. Properties either advantageous or inhibiting for 
each type of air flow measuring instrument needed to be fully appreciated before it 
was possible to make a selection for each of the air flow positions. A discussion is 
made on the suitability ofthe different air flow measuring devices in appendix A. 
The conclusion drawn, after the analysis of the various air flow measuring 
instruments, was that the pitot-static tube gives the most satisfactory results when 
measuring the air flow rate through a duct. However care needs to be taken when 
aligning the probe with the air flow and the necessary correction factors will need to 
be applied. A n Alnor anemometer was selected to measure the air flow velocities 
around the exhaust hoods. The air flow velocity and its direction, around these hoods, 
can vary quite drastically over a small distance. The above type of hot wire 
anemometer was chosen in preference to other instruments because of its ability to 
cope with steep velocity gradients. Once again precautions were made to align the 
instrument with the air flow stream directions. 
Calibration procedures followed for the different instruments and the correction 
factors determined are shown in appendices B, C, and E. 
6.3 AIR FLOW VISUALISATION 
With most air flow measuring instruments it is crucial, for accurate velocity 
results, that the instrument is aligned with the direction of the air flow. It was decided 
early on in the project to take steps that ensured the air flow velocities measured were 
as precise as possible. With that in mind an air flow visualisation device was designed 
and built. Photographs were taken from the n o w visual air flow and used as an aid to 
align the measuring instrument with the direction ofthe air flow. A discussion on this 
topic is also presented in appendix A. 
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7.0 CHOICE OF COORDINATE SYSTEMS FOR THE AIR FLOW 
VELOCITY MEASUREMENTS 
7.1 VELOCITY FIELD 
One of the aims of this project was to obtain a full understanding of the three 
dimensional velocity distribution in front of circular, square and rectangular exhaust 
hoods of various sizes. That understanding could only be acquired when a network of 
equal velocity contour lines and air flow direction lines was envisaged in front of the 
exhaust hoods. Air flow velocities at a number of points in front of the hoods, was 
information essential to fully define this velocity field. These constant velocity 
contours and air flow direction lines could only be developed by experimentally 
measuring the air flow velocity in front of the exhaust hoods at various flow rates in 
some ordered manner. It was therefore necessary to generate a grid in front of the 
exhaust hoods at which the velocity ofthe air flow was measured. As each hood shape 
has different properties, various types of grids were looked at and the one most suited 
for a particular situation was selected. 
The first step in trying to visualise h o w air enters the exhaust hood was to imagine 
the hood as a point sink (see figure 13). In ideal fluid flow the sink is a point to which 
fluid is drawn at a uniform rate from all directions. This is fictitious, as in practice the 
sink will act over a much larger inlet area ofthe captor hood, however a point sink is 
useful as a starting point in visualising flow patterns. Using the ideal flow theory, 
Fig. 13 Streamlines for a sink 
the velocity moving towards the opening is equal at all points on the surface of a 
sphere surrounding the point source. As the air flow velocity is proportional to the air 
flow rate divided by the sphere's area, it follows that this velocity is inversely 
proportional to the square of the distance from the hood. A n excellent measuring grid 
in this ideal circumstance would consist of spherical polar coordinates as the stream 
lines move out radially from the point sink. 
In practice however a point sink is an impossibility as the exhaust hood and 
ducting take up finite space surrounding this point sink. Also the hood face has a 
finite area and the suction therefore is prevented from operating in a perfectly 
spherical manner. It follows that the sink is not a point but is distributed in some 
manner over the whole of that hood inlet area. The presence of these solid surfaces 
and the finite inlet area distorts the air flow lines and the velocity contour surfaces. 
The contour surfaces can no longer be considered spheres but their shape resembles 
oblate spheroids. The comparison between the circular velocity contour lines 
Fig. 14 Ideal and Actual Fig. 15 Flanged and Unflanged 
Velocity Contours Velocity Contours 
produced by the point sink and the flattened elliptical type contours produced by a real 
world exhaust hood attached to duct work are shown in figure 14. The performance of 
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an exhaust hood is enhanced by the addition of a flange as the air is prevented from 
flowing from behind the exhaust hood. The reach ofthe hood is improved because the 
same total air flow must now be drawn from the region in front of the hood only. The 
effect of a flange on the velocity profiles in front of an exhaust hood is displayed in 
figure 15. The velocity contours ofthe flanged hood are pushed further from the hood 
face by forcing air to flow from the zone in front of the hood only. The exhaust 
distance in front ofthe hood is therefore increased. 
As mentioned earlier in this report the velocity field in front of exhaust hoods 
was first empirically investigated by Joseph DallaValle (1932). His work generated a 
large quantity of data from which he was able to plot air flow patterns in front of 
simple exhaust hood shapes. The drawings shown in figures 16 and 17 are taken from 
his work and describe the velocity field in terms of constant velocity profiles and air 
flow stream lines for both plain hoods and flanged hoods. 
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Fig. 16 A Typical Velocity Field 
Around a Plain Exhaust Hood 
Fig. 17 A Typical Velocity Field 
Around a Flanged Exhaust Hood 
A final aid in helping to decide on an appropriate measuring grid was the 
photographs taken when the air flow was visualised with the aid of a smoke ring. T w o 
of these photographs are shown in appendix A, figures 4 and 5. The images formed by 
the smoke clearly show the path taken by the air flow. These air flow patterns 
theoretical and actual, were considered before a measuring grid was decided on. 
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7.2 C H O I C E O F C O O R D I N A T E S Y S T E M 
The centre line velocities of the air flow in front of an exhaust hood decrease 
rapidly with the distance from the hood face. For an unflanged square inlet for 
instance, the actual local air flow velocity, at approximately one diameter in front of 
that hood, is only about 1 0 % ofthe face velocity. This velocity decrease is not linear 
and the velocity gradient close to the hood face is relatively steep when compared for 
instance with the velocity gradient say a hood diameter away from the hood face. It is 
for that reason that the velocity field in front of an exhaust hood was divided into two 
distinct areas with two different coordinate measuring systems. First of all the whole 
grid was divided into cylindrical polar coordinates as shown in figure 18. 
RECTANGULAR CARTESIAN 
COORDINATES 
Fig. 18 Rectangular and Polar Coordinate Systems 
This type of coordinate system tends to be suitable when a relatively coarse grid is 
needed. Such a coordinate system is ideal for an area away from the exhaust hood, 
where changes in air flow velocity are not great. Close to the exhaust hood 
rectangular cartesian coordinates were used. This type of grid can be generated with a 
fine or a coarse network depending on the position in front ofthe exhaust hood. Both 
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the coordinate systems were started 5 m m in front ofthe hood face. The reason for this 
being that the hot wire anemometer has a stem diameter of 10 m m thus preventing any 
air flow velocity measurements closer than 5 m m to the exhaust hood face. The 
method of manufacture of the anemometer is such that its measuring element is 
positioned at the centre of the stem diameter, thus protecting the hot wire element 
from accidental damage. 
7.2.1 COORDINATE SYSTEM FOR CIRCULAR EXHAUST HOODS 
Due to the rotational symmetry of a circular exhaust hood, only one plane of the 
velocity field in front ofthe hood needed to be analysed to obtain an understanding of 
the air flow field. Figure 19 shows such a plane and the measuring coordinates used to 
Fig. 19 Measuring Plane for a circular Exhaust Inlet 
define the velocity field. The plane consisted of a quadrant at right angles to the hood 
face and if rotated around will form a hemisphere. To form the first part of the grid, 
cylindrical polar coordinates were used. These coordinates started at the centre line of 
the hood and moved out radially at 15 degrees interval. These angles will be referred 
to as arc angles. Close to the exhaust hood, measuring point increments were made at 
0.05 times the hood diameter, which increased to 0.125 times the hood diameter a 
little further from the hood until finally increments of the measuring points were 
made to be 0.25 times the hood diameter. Rectangular cartesian coordinates were used 
close to the exhaust hood inlet face. These coordinates were used to provide a fine grid 
close to the exhaust hood. This fine grid was ideal because in that particular area, 
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velocity changes take place quickly. Further away from the hood the velocity gradient 
is far less steep and a relatively coarser grid is appropriate. Polar coordinates with 
their inherent relative coarser grid were found to be very practical when taking air 
flow measurements some distance removed from the exhaust hood. Velocity 
measurements were made in the following manner: 
1) Cylindrical polar coordinate velocity measurements started at the centre line ofthe 
exhaust hood 5 m m from the hood face. This centre line is at right angles to the face of 
the hood inlet and marked in figure 19 as 0 degrees. 
2) Sixteen measurements ofthe velocity were taken along this centre line using small 
increments close to the exhaust hood and then gradually increasing these increments 
as measurements were taken further away from the hood face. 
3) The arc angle was then increased by 15 degrees creating a new coordinate 
measuring line. Velocity measurements were taken along this new coordinate line with 
the same increments as in 2). This process was repeated by increasing the arc angle 
every time by 15 degrees until the full quadrant was evaluated. 
4) Velocity measurements were then carried out with the measuring positions selected 
according to a rectangular cartesian coordinate system as shown in figure 18. 
Measurements started once again at 5 m m from the hood face and at the exhaust hood 
centre line. Measuring points were then selected moving outwards radially parallel to 
the exhaust hood face. 
5) As before small increments were used while measuring in front of the hood but 
these increments were increased as measuring points moved further away from the 
exhaust hood. 
6) The distance away perpendicular from the hood face was then increased and 
another series of measurements were taken parallel to the hood face. This process was 
repeated until an area of 0.25 times the hood diameter along the centre line by 1.5 
times the hood diameter in a radial direction parallel to the hood face was covered. 
During the experimentation period the two coordinate systems proved to be of 
very good value. The rectangular cartesian coordinate system, inherently useful to 
form a fine grid, was used close to the exhaust hood face where fast changes of 
velocity magnitude were expected. The cylindrical polar coordinates have the 
characteristic of forming a grid that becomes increasingly more coarse when the 
distance from the initiating point is extended. This system is used a little away from 
the exhaust hood face, a field where the velocity changes tend to be relatively small. 
As can be seen from figure 18 both coordinate systems overlap near the hood face. 
This allowed the researcher to compare air flow velocities found using one coordinate 
system, with that employing the other system. 
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7.2.2 COORDINATE SYSTEM FOR SQUARE EXHAUST HOODS 
To describe the velocity field in front of a square exhaust hood requires more 
information than when the same task is carried out for a circular hood. For a circular 
exhaust hood, only one plane needs to be described due to the rotational symmetry of 
the hood face. A square exhaust hood has no such total rotational symmetry. The hood 
diameter is different when measured over the flats to when it is measured across the 
corners. From figure 20 it can be seen that the square exhaust hood has some 
Fig. 20 Measuring Planes for Square Exhaust Inlets 
symmetry as 1/8 of the hood face area is repeated until it forms the full inlet area. 
During the experimental analysis the air flow field in front ofthe square exhaust hood, 
was described in terms of four planes. The first plane, situated with the centre ofthe 
hood as the origin and moving out radially across the flats, was used as a datum. Three 
more planes were used, each hood face angle at an interval of 15 degrees as shown in 
the diagram. This set of four planes is repeated eight times to finally form the 
hemispherical volume in front of a square exhaust hood. Similar to the circular 
exhaust hood, the air flow field in front of the square hood was described in terms of 
polar coordinates and rectangular cartesian coordinates. During the experimentation 
stage of the project it was found that the velocity field described in this manner 
performed the task quite adequately. 
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7.2.3 COORDINATE SYSTEM FOR RECTANGULAR AND SLOT HOODS 
A different approach needed to be taken to describe the air flow velocity field in 
front of rectangular or slot exhaust hoods. Exhaust hoods tend to be called rectangular 
when the length to width ratio is small and in that case the velocity field could have 
been divided up in measuring planes similar to those of a square exhaust hood. 
However as the length to width ratio increases that type of grid becomes less and less 
accurate and it was decided to adopt a different approach. The manner in which the 
air flow velocity field was divided up in measuring planes is shown in figure 21. The 
planes on the right hand side have their origin on the hood length centre line and half 
HOOD CENTRE LINE 
POLAR COORDINATES 
ECTANCULAR COORDINATES 
oH 
Fig. 21 Typical Measuring Planes used for Rectangular 
and Slot Exhaust Inlets 
the distance of the hood width in, from the end of the hood. The centre plane has its 
origin at the crossing of the exhaust hood's two centre lines. In between these two 
sets of planes, others were provided parallel to the centre plane. The number of these 
in-between planes depended on the length to width ratio ofthe exhaust hood. W h e n 
the length to width ratio was found to be relatively large, more planes were inserted 
than if this ratio was found to be small. Measurements of these planes across the width 
ofthe exhaust hood were used to create other planes along the length ofthe hood, thus 
forming an envelope around the exhaust hood. 
The exhaust hoods described in this section were of the plain inlet type. The air 
flow field in front of flanged exhaust hoods was divided up into similar planes and the 
same coordinate systems were used. The only difference was that the incremental 
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measuring distances were held relatively small over the flange as well as over the 
hood. In this manner the behaviour ofthe air flow close to the flange could be studied. 
It was found during the experimental stage that the system developed for 
measuring the air flow velocities was quite successful. The system proved itself to be 
most suitable to the setting up of mathematical equations that describe the air flow 
field in front ofthe exhaust hoods described. 
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8.0 DATA MANIPULATION 
8.1 INTRODUCTION 
To describe the air flow velocity field, velocity measurements were made of the 
air flow at fixed distances from the centre of the exhaust hood. As discussed in 
chapter 7 these measurements were made along a line set at a certain arc angle from 
the centre line ofthe hood in the case of polar coordinates and along lines parallel to 
this centre line and parallel to the hood face in the case of rectangular cartesian 
coordinates. 
8.2 DIMENSIONLESS DATA 
The air flow velocity and its position from the centre of the exhaust hood needed 
to be found and their relationship formulated mathematically. In order to achieve this, 
the results were plotted on dimensionless coordinates relating to a characteristic shape 
and size ofthe opening, at a certain arc angle or distance away from the centre line. 
The air flow velocity was plotted on one of the coordinates in the dimensionless term 
of V/Vo, where the symbol V indicated the actual velocity at the point under 
consideration and the term V o indicated the average velocity (i.e. flowrate / inlet area) 
at the exhaust hood inlet. For the other coordinate the dimensionless term X/J~A was 
used, were the symbol X indicated the distance from the hood face to the actual point 
of velocity measurement. The term 4~A represents the square root ofthe exhaust hood 
inlet area. The term 4 A was chosen in preference to for instance the diameter or width 
ofthe inlet because it is an aspect c o m m o n to all different shapes of exhaust hoods. 
8.3 PREPARATION OF DATA SHEETS 
In this project an enormous amount of data was accumulated and this data needed 
to be made dimensionless and than stored under the appropriate category for further 
manipulation. The software selected to carry out this task was Microsoft Excel, a 
versatile program with many fairly sophisticated features. Microsoft Excel is an 
integrated spread sheet and graphics software package that accepts raw data and 
reproduces it after being programmed into the form needed as shown in figures 22 and 
23. As can be seen from these figures enough data was written to the spreadsheet to 
enable it to calculate, for a selected position, the ratio of air flow velocity present at 
that position to the average exhaust hood inlet velocity. This ratio was expressed in 
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percentage terms. The inputs were as follows. The exhaust hood shape and size were 
TABLE Of* (V/Vo )»100 VALUES 
POLAR COORDINATES) 
ANGLE TO HOOD FACE* 
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DUCT SHAPE-
DUCT SEE = 
Vo-
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Fig. 22 Polar Coordinate 
Velocity Data 
TABLE O F (VWo)xlOO VALUES 
(RECTANGULAR COORDINATES) 
ANGLE TO H O O D FACE. 0 Degrees 
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Fig. 23 Rectangular Coordinate Velocity Data 
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entered to calculate the hood area. The volume air flow measured was then entered 
and a program written within the spread sheet determined the average exhaust hood 
face inlet velocity. After the measured actual velocity at a nominated point was 
entered, another program written within the spread sheet then calculated the ratio of 
this actual velocity at the point to the average hood face inlet velocity. The 
temperature and the humidity recorded during each series of air flow velocity 
measurements, were incorporated in these calculations. 
Another input was the actual distance from the exhaust hood. This value once 
again was recalculated by means of a written program within the spread sheet as a 
dimensionless number. Other information such as the arc angle, the angle of the plane 
to the hood face datum, together with the distance along the arc angle line positioned 
the nominated velocity measuring point in space. In figure 22 a table containing the 
polar coordinate results of a 200 m m diameter circular exhaust hood is shown. For 
each arc angle the percentage velocity present at a certain distance from a datum 
position or line is stated. Similarly figure 23 displays a table containing the rectangular 
coordinate results obtained with the same 200 m m circular exhaust hood. In this case 
Z is the distance from the inlet centre line to the point of measurement and D is the 
distance from the same centre line to the outer edge ofthe inlet face. 
ARC 0 ARC IS -*" ARC 30 -=- ARC 'S 
-*- ARC 60 -5- ARC 73 "*- ARC 90 
PLAIN ROUNO EXHAUST HOC3 
Fig. 24 Velocity Versus Distance Decay Curves 
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8.4 VELOCITY DECAY CURVES 
The next task undertaken was to use the accumulated information and plot 
curves with the dimensionless velocity V/Vo x 100 situated along the vertical 
coordinate and the dimensionless distance XI 4 A along the horizontal coordinate for 
each shape and size exhaust hood. Figure 24 shows a typical set of these curves 
plotted for a 200 m m diameter hood at the various arc angles. The curve plotted 
showing the decrease of the air flow velocity ratio with distance at the centre line of 
the exhaust hood (ie. arc angle is 0 degrees), has a shape which is as expected, similar 
to those found by other researchers. A s the arc angle increases however the shape of 
the curve, close to the hood inlet face, changes quite drastically. Studying the curve 
for an arc angle of 90 degrees for instance (ie. a line parallel to the hood face), one can 
conclude that the air flow velocity distribution at the hood face is far from evenly 
distributed. This velocity tends to, starting from the centre line and moving outwards 
radially, increase to some degree before dropping off again. 
8.5 CURVE FITTING 
Curves plotted in such a manner that the vertical coordinate represents the 
dimensionless velocity and the horizontal coordinate represents the dimensionless 
distance from the exhaust hood were produced for each shape and size of hood tested. 
These curves were needed for each exhaust hood so that the air flow velocities present 
in the space around the hood could be described mathematically in three dimensions. 
Many of these curves needed to be created. For instance to describe the velocity field, 
in the form of a hemisphere, in front of a square exhaust hood, twenty eight curves 
were plotted in the spherical polar coordinate region and a minimum of sixty curves 
were plotted in the rectangular cartesian coordinate region. Each of these curves was 
then studied closely with the object to mathematically fit equations to them. A few 
curves could be described in one equation, however most curves needed two or more 
equations. It was only rarely that one mathematical equation could describe the 
velocity - distance relationship accurately. Usually the curve needed to be cut into two 
sections in order to obtain close fitting mathematical terms. A mismatch of no more 
than 2 % was aimed at. The more unusual shaped curves needed to be cut into three 
sections before close fitting mathematical equations could be found. 
The amount of work involved in describing the velocity field in front of various 
shaped and sized exhaust hoods in three dimensions by means of mathematical 
functions is to say the least, extensive The square exhaust hood mentioned before 
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needed at least some one hundred and twenty mathematical expressions to describe the 
velocity field in front of that hood. Even then it was decided to describe the 
hemispherical volume in front of the exhaust hood only because that is the area of 
greatest interest. Designers usually are not interested in the velocity flow field behind 
the exhaust hood. The rather large amount of data that needed to be collected and 
then manipulated into empirical relationships is the most important reason why earlier 
researchers never attempted the task. The interest was always there and it was always 
realised that, without a full three dimensional picture, the designer had insufficient 
information. However the work involved seemed to be too daunting. With the advent 
of the computer age, the manipulation of data is now not quite so time consuming. 
The data still needs to be collected but the fitting of mathematical curves to these sets 
of information can be carried out with the help of a computer program. 
A computer program called Standard Pac written for the HP-85B personal 
computing system was used to generate mathematical equations and fit them to sets of 
data. The machine and package (both now quite a few years old), performed the task 
without a great deal of trouble. The program performs many mathematical calculations 
in a simple straight forward manner and the output can be augmented by a graphical 
display. This last feature especially is of value when selecting the appropriate fits to a 
curve. A built-in thermal printer provides the hard copy and if needed plotters or 
printers can be connected. 
The program can be used to fit data to the following mathematical expressions: 
1) Linear regression y = a + bx. 
2) Exponential curves y = aehx. 
3) Logarithmic curves y = a + b(lnx). 
4) Power curves v = axh. 
where y = V / V o x 100 
x = XlJ2 
a and b are the regression coefficients worked out by the program. 
The analysis of variance which is printed for each regression type, displays the 
following information: 
1) Degrees of freedom. 
2) The sum of squares. 
3) The mean sum. 
4) TheF-ratio. 
5) The coefficient of determination (r x r). 
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Projections based on the curve fit can also be made. This is a very useful feature 
of the program because the operator can enter the value of a coordinate and the other 
coordinate corresponding to the entered value will be calculated. Projections based on 
the curve fit were used during this project to analyse the blending of two sections of a 
curve. It is not only necessary that both sections of a curve have good correlation with 
the data, but the transition of one section to the other must also occur smoothly. Often 
alterations to the length of a section needed to be made in order that the transition 
from one section to the other section progressed smoothly. 
The advantages of the program may be best demonstrated by outlining the 
programming steps taken when this task was carried out. 
1) The data corresponding to a set of coordinates (as obtained for instance from a data 
sheet as shown in figures 22 & 23) was entered and displayed by the graphics 
capabilities. The program is designed for a maximum of 200 pairs and the data 
entered can be edited. 
2) The curve was then observed and a decision was made whether to attempt to fit a 
mathematical expression to the full curve or, as an alternative, cut the curve into 
sections before curve fitting. Usually a much closer correlation was obtained when 
the curve was treated in smaller sections. 
3) The data, as finally presented, was then plotted and one ofthe four mathematical 
equations available was selected. After plotting the regression line to the data the 
operator viewed the type of fit. 
4) In addition to the viewing capabilities, the analysis of the variance could be 
observed before a decision was made. 
5) If the researcher was not satisfied with the results obtained, another equation was 
selected and the fit once again observed. The curve that best fitted the data and had the 
closest correlation was then selected. 
6) Almost always there was a need to split the full curve into two or more sections 
before an acceptable fit was obtained. W h e n this was the case the next task was to 
check how well predictions made by each mathematical equation blended into one 
another around the point of intersection. If the blending was poor, sections were cut at 
a different position and tried again. 
7) Finally the mathematical equations selected were stored ready to be inserted into 
the final computer model. 
Curve fitting as described above was carried out for all the data obtained while 
testing the various shaped and sized exhaust hoods. Typical print outs of the HP-85 
Standard Pac mathematical computer package for both, the numerical analysis and the 
graphical analysis, are shown in figures 25 and 26. The data displayed is information 
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Fig. 25 A Typical Exponential Curve analysis to Fit Polar Coordinate Data 
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Fig. 26 A Typical Power Curve Analysis to Fit Polar Coordinate Data 
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gathered when testing a circular exhaust hood with a 200 m m inlet. Values of the 
dimensionless air flow velocity were plotted along the vertical axis and the 
dimensionless distance from the hood face was plotted on the horizontal axis. The 
resulting curve is displayed and to ensure high accuracy curve fitting, the curve was 
cut in two sections. W h e n observing the curve close to the exhaust hood inlet face, it 
can be seen that this section of the curve is ideally shaped for the fitting of an 
exponential equation. Seven data points were used in this portion ofthe curve and the 
matching of an exponential equation resulted in a coefficient of correlation of 0.999. A 
very close fit indeed. The constants of the exponential equation in this case were 
121.026 for the (a) constant and -2.775 for the (b) constant. Further inspection of 
figure 25 reveals that the residuals are once again close to the value aimed at except 
for the area very close to the exhaust hood. However this area close to the exhaust 
hood was later treated separately with rectangular cartesian coordinates because of its 
steep velocity gradient. The dimensionless distance covered by these rectangular 
coordinates ranged from 0 to 0.25 thus the first three data points of the polar 
coordinate system will not be used. Therefore the greatest error present is at the 
dimensionless distance of 0.71 and this variance is 1.6%. 
The section of the curve furthest away from the face of the exhaust hood starting 
at the dimensionless distance of 0.56 is shown in figure 26. This section ofthe curve 
was best suited to a power equation. Eleven data points were used to describe this 
portion of the curve and the fitting of the power relationship resulted in a coefficient 
of correlation of 0.997. The constants at this occasion were found to be 8.814 for the 
(a) constant and -1.993 for the (b) constant. The correlation coefficient for this curve 
fitting exercise was found to be not quite as good as when the former exponential 
curve was fitted, however the result in mathematical terms is still very close and quite 
acceptable. The blending in of the two curves occurred between the dimensionless 
distances of 0.71 and 0.85. 
Finally the data collected close to the exhaust hood face on a grid of rectangular 
cartesian coordinates was manipulated. Figure 27 shows that six data points were 
plotted starting and finishing with the dimensionless distances of 0.03 to 0.28 
respectively. For this particular centre line velocity gradient an exponential curve was 
found to fit best. The constant values for the exponential expression were determined 
as 117.880 for the constant (a) and -2.636 for the constant (b). The coefficient of 
correlation was measured to be 1.000, very good indeed. The residuals once again 
indicate the closeness of the fit and the greatest error present is less the 1%. The 
blending of this curve with the curve plotted on a polar coordinate grid took place at 
the dimensionless distance of approximately 0.25. 
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Fig. 27 A Typical Exponential Curve Analysis to Fit Rectangular Coordinate Data 
The curve fitting procedure shown above was carried out for a series of data 
points at the centre line of a 200 m m circular exhaust hood, starting at the hood face 
moving radially outwards. Other sets of data were taken in an organised manner until 
the whole of the area around the exhaust hood was covered. By collecting the data in 
polar coordinate and rectangular coordinate type grids, it was possible to express the 
air flow velocity gradients in a mathematical form, ready to be included into a 
computer program. A n overall accuracy of approximately 2 % was achieved except at 
times in positions further removed than 2.5 times the diameter of the exhaust hood 
entrance. This area however is too far removed from the exhaust hood face to be 
seriously considered for effective contaminant control. Also air flow currents and 
draughts influence the low air flow velocities present therefore ventilation designers 
will not regard this area as useful. 
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9.0 PRINCIPLES OF SIMILARITY 
9.1 OVERVIEW 
As discussed in chapter 2 DallaValle (1932), in his early experimental work, 
formulated what he termed the principle of similarity of velocity contours. 
DallaValle's work and for that matter other researchers work, i.e. Silverman (1942a, 
1942b), Fletcher (1977, 1978) and Garrison (1980a, 1980b), was mainly involved with 
the investigation of centre line air flow velocities in front of circular and square 
exhaust hoods of different sizes. Some work was also carried out on planes in front of 
these hoods, but there were no equations developed that would predict the value ofthe 
air flow velocities away from this centre line. A s the object of this project was to 
predict velocities in front of exhaust hoods in three dimensions, the principles of 
similarity also needed to be demonstrated when operating in a three dimensional 
velocity field. 
9.2 EFFECTS OF VARYING THE FLOW RATE OF AN EXHAUST HOOD 
A number of different shaped and sized exhaust hoods were designed and built. 
As a first experiment an exhaust hood was selected and then subjected to various air 
flow rates. The velocity of this air flow was then measured at different positions 
systematically to a predetermined pattern around the exhaust hood. The pattern 
devised consisted of polar coordinates and rectangular coordinates, covering a 
hemispherical volume. The details of this measuring system were discussed in 
chapter 7. The velocity and the position of the air flow was then expressed in 
dimensionless terms so that a study could be made of the velocity contour shapes and 
their respective positions when an exhaust hood is subjected to varying air flow rates. 
As it is impossible to obtain a clear overview or observe a trend when data is 
tabulated, especially if a large number of tables are involved, it was decided to plot 
some ofthe information gathered. During the experimental stage ofthe project much 
data was obtained for many purposes. Not all this data was converted into plots as the 
task would have been very large and often not necessary. Data that was used purely to 
be manipulated into mathematical equations and then to be included in the computer 
model to predict air flow velocity ratios at nominated points in front of an exhaust 
hood, was not plotted but left in tabulated form. However data that was also used to 
show a trend or some other phenomenon, was plotted to provide a clearer picture of 
what is actually happening. For instance, a number of different air flow rates plotted 
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on dimensionless velocity verses distance axis will provide the reader with a clear 
visual picture of the quality of their correlation. Also a great advantage of plotted 
information is that a lot of data can be displayed on a single plot; ideal to make fast 
comparisons. 
The Harvard Graphics Version 2.3 package was used to plot the data gathered. It 
is one ofthe better packages on the market but during its use the author became aware 
of a number of advantages and disadvantages. The actual plot is of drafting quality 
with good variable size lettering. However the amount of written script that can 
accompany the plot was found to be very limited. A greater capacity for script writing 
could have formed the basis of clearer explanations. Also only a maximum of eight 
different curves can be plotted on the same graph. This was at times found to be a little 
restrictive. Perhaps the most conspicuous feature of the package was found to be the 
manner in which it draws curves through the data points. A curve fitting algorithm 
was developed for this program to carry out this task. This particular curve fitting 
mechanism works very well in the case of smooth curves, however if the curve 
changes suddenly into a different direction, poor curve fitting ability can be the result. 
The consequence usually is poorer presentation rather than a wrong interpretation 
once this problem is realised. Quite frequently the actual correlation between a 
number of curves is better than the plot at first inspection suggests. 
9.2.1 CIRCULAR EXHAUST HOODS 
A 200 mm diameter plain circular exhaust hood was selected as a first attempt to 
demonstrate the principle of three dimensional similarity for the case of varying air 
flow using the same hood. Air flow velocity ratios were calculated at many different 
positions around the exhaust hood using rectangular and polar coordinates. A sample 
of the collected polar coordinate data for the above type of exhaust hood is shown in 
figure 28. In figure 29 the same data is plotted on an axis representing a dimensionless 
distance away from the hood face centre line and along the selected arc angle line of 
the exhaust hood. In order to make the distance from the inlet centre line 
dimensionless this measurement was divided by 4 A . The polar data shown were 
collected along a line situated at an angle of 60 degrees to the datum centre line which 
is normal to the inlet face ofthe exhaust hood (see figure 30). The average hood face 
velocities ranged from 6.5 m/sec. to 24 m/sec. These air flow velocities are 
represented in the graph as series 1 to series 6 respectively. Examining figure 29 it 
can be seen that very good correlation exists between all the six different air flow 
rates. Plots for the six other arc lines can be seen in appendix F. Once again on 
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examination of these plots it can be concluded that the correlation between all six 
different air flow rates is very good for all seven angle arc lines. The only variance of 
any significance that can be detected is the air flow measurements taken close to the 
exhaust hood face. That is to be expected as velocity measurements with the aid of 
polar coordinates are unsuited for steep velocity gradients. Rectangular coordinates 
were introduced for measurements taken close to the exhaust hood to ensure that fast 
changing velocity values are correctly recorded. These rectangular coordinates in the 
case ofthe 200 m m circular exhaust hood extended to 50 m m in front ofthe face of 
the exhaust hood. Expressed in dimensionless terms (X / JA), this value is equivalent 
to 0.282 measured at right angles to the exhaust hood inlet face (ie. the arc angle is 0 
degrees). A s the data shown in figures 28 & 29 is measured along an arc line of 60 
degrees to this datum line, the dimensionless distance term extends to two times the 
0.282 value before the rectangular coordinate region boundary is reached. After that 
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HOOD CENTRE LINE 
Fig. 30 Rectangular and Polar Coordinate Systems in Front of a Circular Inlet 
the polar coordinate measuring region takes over. From figure 29 it can be seen that 
good correlation between the six different air flow rates is present well before the 
dimensionless distance of 0.564. Therefore it can be concluded that the principle of 
similarity holds in the region where polar coordinates are used. Figure 31 
demonstrates the data found for the same exhaust hood but close to the inlet area and 
plotted to rectangular coordinates (see figure 30). The horizontal axis Z / D represents 
a dimensionless distance measured from the exhaust hood centre line and parallel to 
the hood face. Z is the distance from the exhaust hood centre line and D represents the 
hood diameter. Thus a dimensionless number of 0.5 on the horizontal axis of this 
particular graph represents a position that is at the outer edge of the exhaust hood and 
20 m m in front ofthe hood face. 
As indicated the data plotted in this particular graph was on a line 20 m m in front 
of the exhaust hood face and parallel to it. Expressed in dimensionless terms this 
distance measured at right angles to the hood face is 0.1128. Data was gathered then 
plotted along series of these lines starting at a dimensionless distance of 0.0282 and 
incremented until the dimensionless distance reached 0.282. The resulting network 
gave good coverage close to the exhaust hood inlet. Graphs plotted using the different 
air flow rates present in the rectangular measuring region at the various distances from 
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Fig. 31 Velocity Ratios Present at 20 mm in Front of a Circular Inlet 
the hood face are also shown in appendix F. Once again a close examination of these 
plots will show that a good correlation exists between the different air flow rates 
presented. It can therefore be concluded that the principle of similarity when using a 
circular plain exhaust hood holds in a three dimensional situation, covering the entire 
volume in front of such an exhaust hood. 
After the above successful test program, carried out using a plain circular exhaust 
hood, the same series of tests were performed this time using a flanged circular 
exhaust hood. During this series of tests the rectangular coordinate grid was extended 
parallel to the exhaust hood face to ensure that as much as possible information was 
collected over the flanged region. The dimensionless distance of the rectangular grid 
was extended to 1.5 times the hood face diameter parallel to the inlet face thus 
covering the full width of the flange (see figure 32). The plotted results of this series 
of tests can be observed in appendix G. 
Examining the various graphs it becomes quite obvious that the rectangular grid 
used close to the exhaust hood face is ideal when a lot of information is required. The 
resulting fine network not only shows the good correlation that exists between the 
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Fig. 32 Rectangular and Polar Coordinate Systems in Front of a 
Flanged Circular Inlet 
different air flow rates used, but it demonstrates for instance the acceleration ofthe air 
flow when it reaches the inlet edge of the exhaust hood. At the end of this series of 
tests it was concluded that the principle of similarity when using the same exhaust 
hood but varying the air flow rate appears to hold for the case of flanged circular 
inlets. The concept was demonstrated for a three dimensional space in front of the 
exhaust hood. 
9.2.2 SQUARE EXHAUST HOODS 
The next series of similarity tests were carried out using square exhaust inlets. 
The first exhaust hood to be used during these trails was a plain square hood and it 
became immediately clear that for a thorough investigation many more data points 
needed to be taken. W h e n using a circular exhaust hood only one plane in front of that 
hood will provide a complete understanding of the velocity field in that region due to 
its rotational symmetry. Each plane rotated about the centre line of the hood has the 
same properties. T o fully describe a velocity field in front of a square hood however 
requires more information as symmetry is restricted. Nevertheless a certain amount of 
62 
symmetry is present and it can be shown that a segment of 45 degrees of the exhaust 
hood inlet face is repeated eight times to form the whole inlet area. This measuring 
segment was divided up into four planes, each plane being separated by 15 degrees as 
first advocated in chapter 7. Each of these planes was then analysed in exactly the 
same manner as the plane that formed the volume in front of the circular exhaust 
hoods. Curves representing the velocity ratio verses dimensionless distance from the 
centre ofthe exhaust hood were plotted for al four planes ofthe square exhaust hood. 
The result of this work can be observed in appendix H. The air flow rates 
experimented with were approximately 9.3 m/sec, 14.2 m/sec, and 19.1 m/sec. These 
air flow rates are indicated on the plots as series 1, series 2 and series 3 respectively. 
Once again quite good correlation between the various air flow rates was obtained and 
it can be concluded that the principle of similarity also holds for plain square exhaust 
hoods with varying air flow rates covering the entire region in front ofthe hood. 
For the final tests carried out in an effort to establish velocity contour similarity 
during varying air flow rates, a 200 m m square flanged exhaust hood was used. Once 
again the portion of the square hood face area that provides symmetry was divided up 
into four planes. These planes were then analysed in the same manner as the previous 
exhaust hoods described. The air flow rates in this case were approximately 10.5 
m/sec, 15.5 m/sec. and 20 m/sec. These air flow rates are represented by the plots as 
series 1, series 2, and series 3 respectively. The rectangular coordinate region was 
extended parallel to the exhaust hood inlet face to the edge of the flange to ensure that 
any unexpected variations of the air flow patterns were noted. The result of this 
series of tests is displayed in appendix I. Examination ofthe velocity curves obtained 
from data gathered in the polar coordinate region show that very good correlation 
exists between the various air flow rates used during the test. Data drawn when the arc 
angle was 90 degrees, in other words when the data is obtained parallel to the exhaust 
hood face, shows a definite departure from the smooth curvature normally present. 
Figure 33 shows such a curve plotted for a hood face angle of 0 degrees and an arc 
angle of 90 degrees. The rise in the curve, which is situated close to the flange outer 
edge (i.e. X4A=\.S), can be explained as follows. Most ofthe air in the case of a 
flanged exhaust hood flows from the volume in front ofthe hood. Near the flange edge 
however some ofthe air is also drawn from behind the hood. This extra volume of air 
will cause the air flow to accelerate as it turns from behind the flange, around the 
flange edge to the front ofthe flange. As the air stream is turned through almost 180 
degrees it tends to overshoot the outer top edge of the flange on its way to the hood 
inlet and this effect creates a region with low velocities at the edge ofthe flange and a 
built-up of air flow velocity a little in from this edge.. The final series of graphs shown 
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Fig. 33 Velocity Ratios at Arc Angle 90 Degrees (Parallel to the Flange) 
in appendix I are those plotted from rectangular coordinate data obtained during the 
testing of the same square flanged exhaust hood. Again data was gathered from the 
four essential planes which will allow a full description of the whole velocity field in 
front of the exhaust hood. Each of these graphs consist of two sets of curves each set 
being at a different distance in front ofthe hood face. Each set of these curves is made 
up of three different air flow rates and these are represented by series 1 to 3 and series 
4 to 6. Once again good correlation is present between the various air flow rates in this 
region. 
The testing program carried out as described in this section of the report 
established that the distribution of velocity contours is the same regardless of the air 
flow rate as long as both the velocity and the distance are plotted on dimensionless 
axis. This concept was established by using circular and square shaped exhaust hoods 
and by using a three dimensional grid is. The research carried out here indicated that 
DallaValle's "Principle of Similarity of Velocity Contours" holds when a three 
dimensional velocity field is under consideration and when the air flow rate of a 
particular exhaust hood is changed. It not only holds for centre line velocities, as 
DallaValle established so long ago, but it also holds when the velocity contours span a 
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three dimensional space in front of an exhaust hood. 
9.3 EFFECTS OF VARYING THE SIZE OF GEOMETRICALLY SIMILAR 
EXHAUST HOODS 
The Principle of Similarity of Velocity Contours first derived by DallaValle not 
only holds for a certain exhaust hood when the air flow rate is changed but it is also 
true for geometrically similar hoods of various sizes. Once again this last 
phenomenon was established for one dimensional centre line velocities only and 
although some work was carried out using two dimensional planes, no numerical data 
was produced. 
Experimentation was carried out using series of tests similar as those performed 
when similarity of velocity contours for varying flow rates was established. For these 
trails a number of circular and square plain exhaust hoods were used. For the plain 
circular exhaust hood the diameters used were 150 m m , 200 m m and 300 m m . Air 
flow rates were held towards the high range to ensure that a stable flow was achieved. 
The results of these test series can be found in appendix J. Three curves were plotted 
on each graph and they are denoted by series 1, series 2 and series 3. They represent 
exhaust hood diameters 300 m m , 200 m m and 150 m m respectively. In this case only 
one plane was used due to the symmetry of a circular hood. As before during other 
types of tests, seven different arc angles were used to describe the plane. Starting with 
the arc angle 0 degrees, the datum line, to arc angle 90 degrees, an angle whose 
direction is parallel to the face of the exhaust hood. Arc angle 0 degrees coincides 
with the centre line velocity direction. It can be seen that quite good correlation exists 
for all curves. Therefore similarity of velocity contours, for geometrically similar but 
size varying circular exhaust hoods, in a three dimensional manner covering the 
volume in front of a circular exhaust hood, can be taken as established. 
A number of plain square exhaust hoods were used during the next sets of tests. 
As before with square hoods, four different planes each separated by a hood face angle 
of 15 degrees needed to be analysed. Data obtained in these four planes provided 
enough information to describe the behaviour of the air flow in front of a square 
shaped exhaust hood. The hoods used during these trails measured 140 m m , 200 m m 
and 350 m m across the flats. Both polar coordinates and rectangular coordinates were 
used during these series of tests mainly because a square hood offers quite interesting 
flow phenomena close to the entrance ofthe hood. Each ofthe planes used to describe 
the air flow rate around the hood, has a different shape. A plane situated across the 
flats of a 200 m m exhaust hood for instance has a radius of 100 m m when measured 
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parallel to the hood face. The plane across the corners ofthe same hood however has a 
radius of 42 times this value. Also during testing it was noticed that the behaviour of 
these two planes close to the hood face differed quite markedly, especially near the 
corners ofthe exhaust hood. To ensure that some of these phenomena can be studied 
in some detail, fine rectangular coordinates were used near the hood face. In appendix 
J the usual curves of velocity ratio verses dimensionless distance away from the centre 
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in Front of a Square Inlet 
of the exhaust hood for square hoods can be observed. Figure 34 shows this data 
plotted along polar coordinates and figure 35 displays data found during the testing 
with rectangular coordinates. From the graphs in appendix J it can be deduced that, 
when polar coordinates are used, the data found along a number of arc angle lines is 
the same for the planes situated at 0, 15, 30 and 45 degrees ofthe exhaust hood face. 
Figure 36 shows the positions of the arc angles and the hood face angles. Data 
measured during the testing stage at the arc angles of 0, 15, 30, 45 and 60 degrees 
correlates closely for all four planes. W h e n the data along the 75 degree arc angle was 
determined it was found to be similar for the 0 and 15 degree hood face angle 
positions but the data measured at the hood face angles of 30 degrees and 45 
degrees was found to be different and had to be stored separately. 
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Fig. 36 Polar and Rectangular Coordinate Measuring Systems in Front of a 
Square Inlet 
Along the arc angle line of 90 degrees no correlation between the results obtained 
from the different hood face angle positions was found and each of the hood face 
angles needed to be treated as individual planes. The sizes ofthe square exhaust hoods 
used during this testing program were measured to be 140 m m , 200 m m and 350 m m 
across the flats. They are represented in the graph's by series 1, series 2 and series 3. 
Very good correlation between the different size exhaust hoods exists in this polar 
coordinate region. A few curves seem to have a poorer correlation than most of the 
others (ie. see for instance the results of vertical arc angle 90 degrees and hood face 
angle 45 degrees ). However this is not due to the poor relationship ofthe data found 
during the experimental stage, but it is due to the poor graph plotting abilities of the 
package when used in that particular circumstance. The package, like most other curve 
fitting packages, does not follow inflections closely. Studying the above mentioned 
graph, one can see that the actual data points obtained are much closer to one another 
than the plotted curves seem to suggest. 
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Close to the exhaust hood face the data once again was obtained with the use of a 
rectangular grid. These series of graphs were also included in Appendix J. Each graph 
contains three different plots taken at the various distances perpendicular to the hood 
face and along a line parallel to this hood face. These distances were made 
dimensionless so that comparison between the different size hoods is possible. Each of 
these plots itself consists of two curves obtained when testing different size exhaust 
hoods. A set of these curves was shown in figure 35 and it shows the correlation of 
curves drawn from data obtained at the dimensionless distances of 0.025, 0.060 and 
0.100. Curves were also drawn for the dimensionless distances of 0.150, 0.200 and 
0.250. The correlation of each set of curves is quite good except very close to the 
edge ofthe hood. The air flow in this small area is turbulent and its velocity fluctuates 
constantly. However even in this location the actual data found is far better than what 
the curves would suggest at first glance. By studying the data gathered the conclusion 
was drawn that the principle of similarity holds for a three dimensional space when 
geometrically similar exhaust hoods are used of different size. The main reason for 
carrying out these series of tests was to establish the similarity of velocity contours, 
however a number of other interesting observations can be made when studying the 
distribution of the data. W h e n a plain square exhaust hood is used, the velocity ratio 
from the hoods centre line towards the edge of the hood slowly increases until it 
reaches a peak approximately two third across the distance to the rim. Near the edge of 
the exhaust hood this velocity ratio drops dramatically to almost zero. Just above the 
edge of the hood the velocity ratio once again rises fast. It seems that the air flow 
drawn from the side of the exhaust hood (ie. parallel to the exhaust hood face ) 
overshoots the edge of the hood causing very little air flow close to the edge of the 
hood and a higher velocity a little further on. This phenomenon is extended with very 
little air flow taking place in the corners of the square exhaust hood. Thus the 
distribution of the air flow velocities in front of an exhaust hood is far from uniform, 
an assumption out of necessity often used by researchers aiming to simplify their 
theoretical work. 
9.4 SIMILARITY SUMMARY 
One ofthe aims of this project was to develop a computer model that will predict 
the distribution of velocity contours within a given work space for a nominated 
exhaust hood. The input parameters are information on its shape, its size, a flanging 
statement and the air flow rate. Without a property such as similarity this task would 
be impossible as there are an infinite number of exhaust hood shapes and sizes. 
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Without the similarity property an infinitely large source of data is needed. DallaValle 
(1932) during his n o w long ago experimental studies researched this topic and 
established the principle of similarity of velocity contours, but for centre line 
velocities only. This project aimed at providing information pertaining to a three 
dimensional velocity field in front of exhaust hoods. It was therefore necessary to 
develop the principle of similarity for a volumetric space in front of the hood. The 
similarity research carried out during this project, which is described in this chapter, 
has indicated that the principle of similarity of velocity contours not only holds for 
centre line velocities but it also holds for the case of a three dimensional field in front 
of an exhaust hood. A s there is a time limit to which each researcher must work, 
experimentation was carried out by using rectangular and circular shaped exhaust 
hoods only. After researching these exhaust hoods quite thoroughly however there 
seem to be no reason w h y the same principles should not hold for all hoods regardless 
of their shape. 
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10.0 VELOCITY DISTRIBUTION IN FRONT OF RECTANGULAR 
AND SLOT EXHAUST HOODS 
10.1 INTRODUCTION 
Fletcher (1977) determined that design formulae used, until the time of his 
experimentation, predicted air flow velocities that were not valid over the range of 
aspect ratios claimed. H e corrected that situation but his work however was still 
restricted to centre line velocity characteristics only. Garrison (1980a, 1980b) 
experimented with high velocity / low volume nozzles. His published work is 
restricted to four fixed aspect ratios and for centre line velocities only. Later 
researchers of exhaust hoods have favoured the analytical approach rather than the 
experimental approach and for that reason published experimental data away from the 
centre line is at this time not available. 
The information collected by previous researchers has been limited mainly due to 
the approach taken. Fletcher (1977) for instance predicts centre line air flow velocities 
by the use of one equation only for a particular shape. This formula also covers the 
various aspect ratios. That of course is a lot to ask from a single mathematical 
expression. Garrison (1980a, 1981b) probably to overcome this problem, limited 
himself to four formulae each covering a specific aspect ratio. Both researchers seem 
to assume that the properties of the centre line velocity characteristics remains the 
same along the length of the rectangular exhaust hoods. In their work there is no 
provision made that shows that there is a diversion from this centre line velocity 
gradient along this line source. Uniform exhaust air flow seem to be assumed along 
the entire length ofthe exhaust hood. 
As the aim of this project was to be able to predict the velocity profiles in a three 
dimensional manner the following tasks were necessary. 
1) A full investigation ofthe velocity patterns, needed to be made in a plane at right 
angles to both: the length; and the inlet face ofthe exhaust hood. The origin of this 
plane was at the centre ofthe hood face. 
2) Velocity patterns in planes parallel to the above plane but along the entire length of 
the exhaust hood then needed to be compared to determine the presence of c o m m o n 
properties (Called centre planes. See figure 37). 
3) The characteristics of the air flow velocity at the ends of the exhaust hood also 
needed to be examined. 
4) A relationship between the various aspect ratios needed to be found. 
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10.2 THE INVESTIGATION OF AIR FLOW VELOCITIES IN PLANES AT 
RIGHT ANGLES TO THE LONG AXIS OF THE RECTANGULAR HOOD 
The constant velocity contours in the surrounding space of a rectangular or slot 
exhaust hood, when affected by the influence of suction, take on the approximate 
shape of a half cylinder with half hemispherical ends. It was decided that the most 
efficient manner in which to explore the velocity contours in this region was to take 
velocity readings in a number of parallel planes along the length of the exhaust hood. 
It was also decided to treat the ends of the exhaust hood as part of a square hood. 
Procedures used to analyse the air flow patterns on these planes were the same as 
those used when examining circular and square exhaust hoods. At the end ofthe hood 
inlet a so called end plane was used which has its origin positioned on the longitudinal 
centre line, half the hood opening width in from the end of the hood as shown in 
figure 37. From the experience gained during the testing of square exhaust hoods it 
was found that the air flow in rectangular corners is almost non existent. Thus the 
shape ofthe air flow at the inlet of a square exhaust hood tends to approach that of a 
Fig. 37 Rectangular and Slot Inlet Measuring Planes 
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circular hood. It was therefore decided that the most efficient manner in which to treat 
the ends of rectangular and slot exhaust hood inlets was as if they were part of a 
circular hood. With this approach only one plane needed to analysed in this position 
due to the symmetry of a circular inlet. The adoption of this reasoned shortcut saved a 
large amount of data gathering and the errors involved were expected to be minimal. 
First of all the air flow velocity contours found using the end plane, that is parallel to 
the centre plane, are identical to those observed in a plane placed at 90 degrees to this 
plane. This phenomenon is not unexpected as both planes have the same origin and the 
distance of this origin to the edge ofthe hood is the same for both planes. Secondly as 
mentioned above there is almost no air flow in the corners of the hood thus the planes 
in between these two end planes contain similar data. During the testing of the above 
assumption it was found that the only errors encountered were those present when air 
flow velocities were measured in a position very close to the exhaust hood face in the 
corner of the inlet. It was established that there is a small air flow present in the 90 
degree corners of these hoods. However in reality these air flow rates are so small that 
neglecting them produces an error of little or no consequence in the extreme corner of 
the hood. Also this is an area usually of no interest at all to the designer of local 
exhaust ventilation. Half the inlet only was used to determine the various velocity 
profiles as it was established that velocity profiles present at the other half of the inlet 
are mirror images ofthe former. 
10.3 THE INVESTIGATION OF FLOW VELOCITIES IN A PLANE 
PARALLEL TO THE LONG AXIS OF A RECTANGULAR HOOD 
Although most earlier researchers tended to assume that the nature of the velocity 
gradients remain the same along the length of a rectangular exhaust hood, 
investigations carried out during this project, using circular and square inlets, 
suggested this to be most unlikely. To investigate the velocity contour characteristics 
along the long axis of a rectangular or slot exhaust hood, velocities were obtained in a 
plane situated along this axis and placed perpendicular to the hood face. A number of 
typical air flow velocity profiles are shown in figures 38 and 39. These figures pertain 
to air flow data obtained while measuring its velocity using both flanged and 
unflanged rectangular and slot exhaust hoods of various aspect ratios and the same 
inlet area. Measurements were taken parallel to the hood face and along its length axis. 
These measurements were obtained at a number of different distances from the inlet 
faces and the main object of these graphs is to show the variation of the air flow 
velocity at a fixed distance from the inlet face along the length ofthe hood. The 
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Fig. 38 Velocity Ratios for Plain 
Slot Inlets (D = 1/2 slot length) 
Fig. 39 Velocity Ratios for Flanged 
Slot Inlets (D = 1/2 slot length) 
vertical axis of these plots show the velocity ratio present in each case. The horizontal 
axis pertain to the distance along the length of the hood. The above figures show the 
variation of velocity ratio with respect to the distance from the centre ofthe inlet to the 
end plane position. The distance is expressed in a dimensionless manner as one unit, to 
allow different aspect ratio exhaust hoods to be compared with one another. The 
centre of the exhaust hood is indicated by number 0 whereas the origin of the end 
plane is assigned with number 1. Velocity data for only half of each hood is presented, 
however during the experimental stage of the project, symmetry of velocity contours 
had been established. The exhaust hoods used in this exercise were manufactured with 
the same inlet area and had aspect ratio's that ranged from 2:1 to 16:1. Each curve 
plotted in these graphs represents one such a ratio. Fixed distances from 5 m m to 150 
m m in front of the exhaust hood inlet face were used and the results for both flanged 
and plain hoods are shown in appendix K. 
As can be observed the assumption of constant velocity gradients is incorrect in 
most cases. Exhaust hoods with small aspect ratios tend to exhibit a fairly constant 
velocity ratio once measurements are taken a little removed from the immediate hood 
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inlet face. A s the aspect ratio increases however growth ofthe velocity ratio along the 
hood length can be observed in the case of plain slot exhaust hoods. A decrease in the 
velocity ratio is present when these hoods are flanged. The phenomena exhibited have 
also been observed during the testing of circular and square exhaust hoods. Taking the 
case of plain slot hoods it can be explained that the rise in the air flow velocity ratio 
towards the edge ofthe hood is due to air being drawn from behind the hood. A flange 
fitted to the hood tends to prevent this from happening. The flanged exhaust hoods 
exhibit a drop in the air flow velocity ratio along the length ofthe hood and this can be 
explained as follows. All rectangular and slot exhaust hoods were manufactured to the 
same inlet area. Namely 40,000 square millimetres. The duct to which these hoods 
were fitted is 200 m m in diameter. This type of construction ensures that the end of an 
inlet with a large aspect ratio is further removed from the suction influence than the 
end of an inlet with a smaller aspect ratio. Hence a drop in air flow velocity ratios 
towards the end of a rectangular or slot exhaust hood is not unexpected. This last 
phenomenon can be observed when a large aspect ratio plain exhaust hood is used (i.e. 
Aspect ratio 16:1 in figure 38). The volume of air flow missing due to less suction 
being present at a point removed from the exhaust duct is greater than the extra 
volume of air flow which is present due to the suction from behind the exhaust hood. 
Thus a drop of velocity and hence the velocity ratio is the result at points, situated at 
the far end of large aspect ratio exhaust hoods. This effect is most prevalent in slots 
fitted with flanges. 
There were two options to describe the air flow characteristics between the centre 
plane and the so called end plane of these rectangular or slot exhaust hoods. One 
option was to explore and determine air flow velocity data in as many planes as 
possible between these two main planes. The other option was to find a relationship 
between the air flow velocities present at these parallel planes. The first option was 
never realistic. There are many planes to be experimented with for each type of 
exhaust hood and the number of different aspect ratios in the real world is infinite. The 
second option was selected and the first task was to find a relationship between the 
velocity ratios measured at a number of fixed perpendicular distances along the length 
of the inlet face. Velocities were measured using a grid in a plane at right angles to, 
and along the long axis of the inlet face as shown in figure 40. The results of this 
exercise are shown in appendix K. A study of these graphs shows that a linear 
relationship is approached for rectangular exhaust hoods with small aspect ratios in 
almost all cases except when very close to the exhaust inlet. This phenomenon tended 
to vary somewhat when hoods with larger aspect ratio were tested. The air flow 
velocity ratio for small aspect ratio plain hoods tend to rise towards the far end ofthe 
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Fig. 40 Longitudinal Measuring Plane for a Slot Inlet 
hood. The same velocity ratio's tend to drop a little for larger aspect ratio and flanged 
hoods. However the trend could be regarded as an approximation to a linear 
interpolation. If the inherent uncertainty present during all air flow velocity 
measurements is taken into account then the assumption of a linear relationship 
between the centre plane and the end plane is realistic. After the above series of tests, 
it was decided to gather air flow velocity data for the centre plane and the end plane 
with the same methods that were used for square and circular exhaust hoods and adopt 
a linear relationship for data present in the volume between these two planes. 
10.4 RECTANGULAR EXHAUST HOODS OF DIFFERENT ASPECT 
RATIO 
The air flow velocity ratio in front of rectangular exhaust hoods with large aspect 
ratios tends to decay at a much faster rate than the velocity ratio for exhaust hoods 
with a smaller aspect ratio. This phenomenon was detected by earlier researchers for 
centre line velocities. A s this project has attempted to explore the behaviour ofthe air 
flow in a three dimensional manner, it was necessary to obtain velocity ratio data 
using different planes in front of these hoods. Eight different rectangular exhaust 
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hoods were used and their aspect ratio ranged from 2:1 to 16:1. Once all the data 
necessary to obtain a clear picture ofthe behaviour ofthe air flow was measured, each 
of these hoods was fitted with a flange and the process was repeated once more. The 
result of this work is shown in appendix L. For each different type of exhaust hood, 
the two major planes were fully analysed. These planes, namely the centre plane and 
the end plane, were divided up into seven arc angles along which series of velocity 
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Fig. 41 Velocity Ratio's for Different Aspect Ratio Exhaust Inlets 
readings were taken. A s in previous work arc angles 0, 15, 30, 45, 60, 75 and 90 
degrees were used and the results plotted. Decay curves were plotted for eight 
different aspect ratio exhaust hoods and a typical result can be observed in figure 41 
This graph was plotted from results obtained when analysing a plain slot exhaust 
hood. It shows the data present at an arc angle line of 30 degrees from the centre line 
in the centre plane. This centre plane is situated in the centre at right angles to and 
across the width ofthe inlet face (see figure 42). The graph also clearly shows that the 
velocity gradient increases as the exhaust hoods aspect ratio increases provided the 
slot area remains constant. In other words, for a certain average face velocity the 
velocity at a nominated point in front ofthe hood inlet will fall as the aspect ratio of 
76 
/ 
/ 
/) 
/ / \ 
/ \ 
Wljj / MEASURING PLANE 
/ /J 
/ // 
M/° "" "// '" 
/ 
/ 
Fig. 42 Rectangular Grid Positions For Slot Inlets 
the hood is increased. This last statement is not only true for velocities along the 
centre line but the phenomenon also holds anywhere in a three dimensional field in 
front ofthe exhaust hood. Similar results were found with flanged rectangular exhaust 
hoods in all planes. Similar to the procedures used when testing circular and square 
exhaust hoods the polar coordinate system as described above was not the only 
measuring grid system employed. A rectangular coordinate system was used close to 
the exhaust hood inlet to ensure that the grid was fine enough to detect sudden 
changes in the velocity measured. The rectangular grid used stretched along half the 
width of the rectangular hood and extended to a dimensionless distance of 0.25 in 
front ofthe inlet face as shown in figure 42. Results obtained from these series of tests 
can be found in appendix M . Figure 43 illustrates a typical example of the results 
obtained. The figure pertains to the centre plane of a plain slot exhaust hood. The 
vertical axis denotes as usual the velocity ratio present and the horizontal axis 
displays the distance from the inlet centre across the width ofthe exhaust inlet. 
To ensure that the various aspect ratio exhaust hoods could be plotted on the same 
axis, the distance from the centre line of the hood to the edge of the hood was made 
dimensionless. Thus the distance across the width ofthe hood from the centre to the 
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Fig. 43 Velocity Ratio's Measured on a Centre Plane Rectangular Grid 
edge is one unit. A smaller distance is a only a fraction of that unit. Each plot contains 
the data pertaining to eight different aspect ratios and six plots were used to cover the 
dimensionless distance of 0.25 in front of the rectangular exhaust hoods. The results 
shown in appendix M are for plain and flanged rectangular exhaust hoods and cover 
both, the centre plane and the end plane. 
As has been demonstrated in the foregoing paragraphs the velocity contour 
distribution is strongly dependent on the aspect ratio of the exhaust hood. It is for that 
reason that eight different aspect ratio rectangular hoods were tested. A s mentioned 
before the aspect ratios tested were 2:1, 3:1, 4:1, 5:1, 8:1, 10:1, 12:1 and 16:1. In the 
real world there are an infinite number of different exhaust hood inlet aspect ratios and 
it was therefore necessary to find some type of a relationship between these hoods. For 
the accurate prediction of velocity ratios, at some arbitrary point in front of a 
rectangular or slot exhaust hood, it is very important that the relationship found 
between the different aspect ratio hoods is also accurate. It is for that very reason that 
the testing program embarked on during this project was very thorough, to ensure that 
the relationships established were the best possible given the normal restraints of time 
and resources. T o find the relationships between different aspect ratio rectangular 
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exhaust hoods it was necessary to compare the velocity ratio at a particular point in 
front of a certain aspect ratio hood with the velocity ratio of a point in front of inlets 
with different aspect ratios which are under the influence of the same suction 
conditions. The method in which this was achieved is illustrated in figure 44. In this 
figure a c o m m o n plane situated in front of eight different aspect ratio hoods is shown. 
Fig. 44 Centre Planes for Eight Different Aspect Ratio Inlets 
Also three sets of points, each set experiencing similar suction conditions are shown. 
The velocity ratio at a point in this c o m m o n plane is then compared with the velocity 
ratio at the same dimensionless location of another aspect ratio inlet. Distances and 
velocity values once again were made to be dimensionless so that comparison is 
possible. In figure 45 for instance the data at a dimensionless point on the arc angle 
line of 30 degrees is compared with the data present at the same point for hoods with 
various other aspect ratios. To be able to obtain an understanding of what is happening 
during the actual tests, it was decided to manufacture all the different aspect ratio 
rectangular exhaust hoods with the same inlet area. This means that the actual distance 
and the dimensionless distance of the hoods tested will coincide regardless of their 
aspect ratio. Thus when for instance the velocity ratio at a fixed distance in front of a 
16:1 aspect ratio inlet was found to be less than the velocity ratio at the same 
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numerical distance in front of a 10:1 aspect ratio hood, the conclusion that the reach of 
the suction diminishes as the aspect ratio increases was immediately evident. N o 
preliminary calculations to convert the distance to one that is dimensionless was 
necessary. In order to plot the velocity ratio with respect to an aspect ratio it was 
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Fig. 45 Velocity Ratio Variance in Front of Fig. 46 Velocity Ratio Variance in Front 
Plain Different Aspect Ratio Inlets of Flanged Different Aspect Ratio Inlets 
necessary to devise a form of axis that could represent this aspect ratio. It was decided 
to plot the velocity ratio present at a certain distance, on a vertical axis and to plot the 
various aspect ratios, on the horizontal axis. The distance between whole number 
aspect ratios was regarded as one unit and figure 45 and 46 illustrates this relationship. 
For instance the distance between the aspect ratio 5:1 and the aspect ratio 8:1 is three 
units. 
To establish the velocity ratio relationship between the various aspect ratio 
exhaust hoods, both the centre plane and the end plane were experimented with. 
Velocity ratios determined were plotted for the eight different aspect ratios at set 
dimensionless distances. Figure 45 shows a typical set of data for a plain slot exhaust 
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hood and figure 46 illustrates similar data for a flanged slot exhaust hood. A s usual, 
seven different arc angle lines were used to cover the plane and along each line the 
velocity was measured at sixteen different positions. The above figures show data 
obtained along the arc angle line of 30 degrees. Graphs plotted from data obtained 
during the testing of plain and flanged slot exhaust hoods are displayed in appendix N. 
Results deduced from both the centre plane and the end plane are included. The curves 
derived were used to predict velocity values for aspect ratios other than those actually 
tested. For instance from figure 45 and it can be seen that there is a definite velocity 
ratio relationship between an inlet with an aspect ratio of 8:1 and one with an aspect 
ratio of 12:1 at a dimensionless distance of say 0.300. The information illustrated is 
for a plain slot hood, in the centre plane and at an arc angle line of 30 degrees. As the 
exhaust hoods with aspect ratios of 8:1 and 12:1 were fully explored values for the 
velocity ratio at the dimensionless distance 0.300 can be obtained for each of these 
aspect ratio inlets. It is n o w only a matter of using the found relationship to predict the 
velocity ratio at a dimensionless distance of 0.300 for an inlet with an aspect ratio of 
say 9.4:1. In this manner the velocity ratio of any aspect ratio inlet can be determined 
in any plane of a rectangular exhaust hood. Aspect ratios from 1:1 up to and including 
16:1 are catered for. 
Studying these curves it can be concluded that between a number of aspect ratios 
the velocity ratio connection approaches a linear relationship. For instance in the case 
of a plain slot exhaust hood the velocity ratio for an inlet of aspect ratio 2:1 decreases 
in an almost linear manner until it reaches the velocity ratio for an inlet of aspect ratio 
5:1. A similar phenomenon takes place for aspect ratios between 8:1 and 12:1 for 
instance. However this is not the case for the flanged slot inlet and the approximate 
linearity was limited from aspect ratios 2 : 1 to 3 : 1 and then again from aspect ratios 
3 : 1 to 5 : 1. These characteristics were made use of when the actual computer 
program was written. 
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11.0 VELOCITY FIELD COMPARISON WITH OTHER RESEARCHERS 
11.1 OVERVIEW 
It has been the aim of this project to develop a computer model that will predict 
the distribution of air flow velocity contours within a given work space in front of a 
nominated exhaust hood shape. To this end, air flow velocities at many points in front 
of these hoods were measured and plotted on velocity ratio verses distance 
coordinates. Formulae were developed, from the data, which predict the velocity ratio 
at a nominated distance from the hood face along a grid line. One method to evaluate 
the quality of the work carried out during this project is to compare the predictions 
with the results of previous researchers. Previous research concentrated mainly on the 
variation ofthe velocity along the centre line axis ofthe exhaust hoods. Any other data 
required was extrapolated from these investigations and are therefore assumptions 
only. However if the centre line data found during the experimental stage of this 
project is comparable to that of other experimental researchers, one can argue that at 
least the basis on which this particular research was conducted is correct. All velocity 
measurements made during this project were taken in a similar manner and with the 
same amount of care. The centre line data found during this project compares very 
well with that collected by other researchers. The centre line data obtained is therefore 
able to stand up to scrutiny and it follows that all the other data derived in a similar 
manner should enjoy the same reliance on its integrity. 
Robert Braconnier (1988) in an article called "Bibliographic Review of Velocity 
Fields in the Vicinity of Local Exhaust Hood Openings" presents a review of the 
literature for the calculation of centre line velocities in the vicinity of exhaust inlets. In 
this study Braconnier listed and classified existing reviews and comments on the 
appropriateness of various research equations, for different types of exhaust hoods. 
Many researchers in the field of local exhaust hood velocity fields found the study 
accurate and of great value. It is for that reason that in this report the decay curves 
developed during the experimentation stage are compared with the decay curves 
recommended by Braconnier's study. DallaValle's (1932) findings are at times also 
included because of its value as a classical study. Different decay curves for the 
various hood shapes are discussed below with typical curves shown. However a full 
set of comparison decay curves can be found in appendix P. 
11.2 PLAIN CIRCULAR EXHAUST INLET COMPARISON 
Braconnier selected the decay curves developed by DallaValle (1932) and 
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Garrison (1980a, 1980b) as the most appropriate for circular unflanged openings. H e 
states that the mathematical equations developed by these two researchers remain in 
good agreement over the whole interval of dimensionless distance. However Garrison 
himself claims and shows in a number of papers, significant differences between the 
two results. The decay curves developed by both DallaValle and Garrison are shown 
in figure 47. Also plotted on this graph are the results found during the experimental 
stage of this particular project. Studying these decay curves it can be seen that the 
results obtained by Garrison and the author are very close over the full distance 
measured. DallaValle's measurements do not compare quite as well. However this is 
not surprising as the results plotted in figure 47 are taken from DallaValle's 
approximate equations. If his exact equations, were plotted on the same 
coordinates they would have resembled the results of Garrison and the author a 
little better, but not by a great deal. 
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Fig. 47 Plain Circular Inlet Velocity Ratio Comparison 
However the approximate solutions were plotted for comparison because these are the 
equations most often used by designers of local exhaust ventilation. The difference in 
the shape of the decay curves produced by DallaValle is perhaps not so much the 
83 
result of his having obtained different initial air flow velocities during his 
experimental work, but more likely due to the mathematical treatment of that data. 
DallaValle in an attempt to simplify the equation generated, made a number of 
assumptions. H e assumed constant velocity across the area ofthe hood face, although 
he realised this to be an approximation only. Also, DallaValle tried to cover the full 
decay curve with one mathematical equation only. A task found to be impossible 
during the analysis stage of this project if accuracy is pursued. Garrison used two 
equations to describe the centre line velocity gradient, each expression describing part 
of the curve only. In this project an analytical approach was taken that used, 
depending on the fit, up to three mathematical expressions to describe a decay curve, 
leaving little room for introducing error caused by mathematical representation of 
data. 
The research conducted by Garrison was of the high velocity, low volume type. 
He used exhaust nozzles with the constant inlet area of 645 square m m . The nozzle 
face velocities typically ranged from 50 to 150 m/sec In this research project the more 
conventional larger type exhaust hoods were used. Although the exhaust hoods 
manufactured consisted of many hood inlet sizes, necessary to demonstrate for 
instance " The principles of similarity of velocity contours", the nominal inlet size was 
held at 40000 square m m . The average hood face velocities ranged between 5 and 30 
m/sec. and despite these very different conditions, good correlation between the decay 
curves is evident. These results show that the similarity principle holds in these rather 
extreme situations. 
11.3 PLAIN SQUARE EXHAUST INLET COMPARISON 
During his review Braconnier (1988) found that both Fletcher (1977) and 
Garrison (1980a, 1980b) produced the most suitable data for unflanged square inlets. 
Whereas Garrison used exhaust hoods small enough to be called nozzles, Fletcher 
used equipment and air flow velocities more suited to general local exhaust ventilation 
practices. The exhaust hoods Fletcher experimented with varied in size from 2500 to 
90000 square m m inlet area. The decay curves developed by both these researchers are 
plotted in figure 48. Also plotted in this graph are the results obtained during the 
experimental stage of this project. It can be seen when studying these decay curves the 
correlation of the data obtained by all three research programs is quite good. The air 
flow velocities found at the dimensionless distances of 0.5 to 2.5 (ie. 100 m m and 500 
m m respectively in front of a 200 m m square inlet) correlate very well. Closer to the 
exhaust hood face the decay curves separate slightly. Fletcher predicts higher air flow 
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velocities close to the hood face than Garrison. The air flow velocities measured, in 
front and close to the inlet face of a square hood, during the experimental stage in this 
project, fall in between those predicted by the two other researchers. The data 
obtained in this project however seems to align itself closer to the decay curve 
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Fig. 48 Plain Square Inlet Velocity Ratio Comparison 
developed by Garrison. This is comforting as the author believes that the mathematical 
expressions developed by Garrison are superior to those developed by Fletcher. 
Garrison's equation for square inlets consists of two sections each covering part of the 
decay curve. Fletcher's approach was to cover all situations with one only equation 
and that usually tends to require some compromise. Altogether the mutual relationship 
between the three decay curves is quite good and substantiate the findings of this 
study. 
11.4 PLAIN RECTANGULAR EXHAUST INLET COMPARISON 
Braconnier selected the decay curves developed by Garrison (1980a, 1980b) and 
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Fletcher (1977) as the most appropriate for plain rectangular and slot inlets. A s these 
two researchers carried out experimental work as opposed to many other researchers 
who have tended to established theoretical models the choice seems very appropriate. 
Fletcher developed one only equation that can be used for aspect ratios ranging from 
1:1 to 16:1. The mathematical expression developed, continuously and globally 
represents the influence of the various inlet aspect ratios. Garrison's formulae on the 
other hand were developed for discrete inlet aspect ratios only and require the 
utilisation of a coefficient table. Fletcher's equations are often preferred when 
predicting air flow velocities in front of unflanged rectangular hoods because its range 
of aspect ratios is greater. Also velocity values up to a dimensionless distance of 3 
measured at right angles to the hood face are catered for (ie. 600 m m in front of a 
40000 square m m inlet area). The correlation of the decay curves for unflanged 
rectangular or slot exhaust hoods can be observed in appendix P. Figure 49 shows the 
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Fig. 49 Plain Rectangular Inlet Velocity Ratio Comparison 
decay curves obtained by Fletcher, Garrison and the author for a plain slot exhaust 
inlet of aspect ratio 10:1. The correlation between Fletcher's curve and the author's 
curve is high, except perhaps very close to the inlet. This is an area were turbulence 
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tend to be prevalent and Fletcher may have been a little more conservative than the 
author. However the area is usually of little importance in practical local exhaust 
ventilation. Garrison predicts velocities slightly higher than Fletcher and the author 
approximately a diameter and more away from the hood face. 
11.5 FLANGED CIRCULAR EXHAUST INLET COMPARISON 
Flanges fitted to exhaust hood inlets can improve the velocity contours in front of 
the hood face and relative large increases of air flow velocity can be obtained in 
regions where it is needed. Due to these phenomena the efficiency of the exhaust 
system can be improved to quite a considerable extent. Fletcher (1977) found that 
even small width flanges appreciably increased the air flow velocities in front of an 
exhaust hood while keeping the average inlet flow constant. However flanges of 
greater width than the square root of the inlet area produced very little or no more 
increase to the velocity in front of these exhaust hoods. The flanges manufactured for 
this project were made to this optimum value. 
Braconnier (1988) found good agreement, in the results obtained during the 
testing of circular flanged free standing openings, between Garrison (1980a, 1980b) 
and theoretical researchers such as Drkal (1970), and Engles and Willerts (1973). 
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Fig. 50 Flanged Circular Inlet Velocity Ratio Comparison 
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DallaValle (1932) also experimented with flanged exhaust hoods and developed so 
called exact and approximate equations. DallaValle's exact equations are in close 
agreement to those found by Garrison but DallaValle's approximate mathematical 
expressions tend to provide air flow velocity values higher then those of most later 
researchers. Decay curves plotted from data obtained by Garrison, DallaValle and the 
author are shown in figure 50. The data obtained for these curves consisted of air flow 
velocities measured along the centre line of a 200 m m flanged circular exhaust inlet. 
DallaValle's data as expected tend to give velocities that are higher than those 
predicted by the other researchers. Once again however DallaValle's approximate 
equations were used rather than his exact solutions. In between the distance of 
approximately half a hood diameter and a full hood diameter in front of the inlet face 
there is some discrepancy between the data found by Garrison and that obtained 
during the testing stage of this report. The values found for circular flanged inlets 
during this research were slightly higher than those predicted by Garrison. However 
on the whole, correlation of data is present. 
11.6 FLANGED RECTANGULAR EXHAUST INLET COMPARISON 
A number of researchers experimented with flanged inlets that ranged in shape 
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from square to slotted. DallaValle (1932) was the first researcher to attempt to 
quantify the velocity values in front of these rectangular flanged hoods and once again 
used his exact and approximate solutions. Garrison (1980a, 1980b), as before, used 
small exhaust hoods called nozzles rather than the more conventional larger type of 
inlets. Another researcher recommended by Braconnier (1988) as having obtained 
data that is in close agreement with that of others working in the field is Tyaglo 
(1970). His data does not have an experimental origin but is based on the potential 
flow theory. However many of these theoretical inclined researchers made empirical 
modifications to their models in order to obtain a better agreement with 
experimentally obtained data. Figure 51 displays decay curves obtained by Garrison. 
DallaValle, Tyaglo and the author. The curves are plotted for centre line air flow 
velocities in front of a flanged square inlet. DallaValle's approximate solutions as 
usual predict velocity values that are higher than those other researchers agree upon. 
The other three decay curves plotted from data obtained by Garrison, Tyaglo and the 
author correlate very closely. 
The last comparisons were carried out on flanged exhaust hoods with an aspect 
ratio greater than one. Different correlations were carried out with inlets whose aspect 
ratios varied from 1:1 to 16:1 and the results of these comparisons can be observed in 
appendix P. Fletcher (1977) performed only some isolated measurements when 
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Fig. 52 Flanged Rectangular Inlet Velocity Ratio Comparison 
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experimenting with flanged rectangular hoods and for that reason there was not 
enough information to plot decay curves from that data. Garrison (1980a, 1980b) 
developed discrete mathematical expressions for rectangular flanged openings of 2:1, 
4:1 and 10:1 only. Tyaglo's formula is often preferred because it can be used for all 
studied aspect ratios. Figure 52 shows the correlation of various decay curves obtain 
from a number of Braconnier (1988) recommended researchers. These particular 
curves were plotted from air flow velocity information obtained using flanged 
rectangular exhaust hoods with an aspect ratio of 10:1. Decay curves for other aspect 
ratio exhaust hoods are shown in appendix P. As can be observed the correlation ofthe 
data obtained by Tyaglo and the author is very good. Garrisons results plotted for the 
hood aspect ratios, he did research, also correlates extremely well. 
It can be concluded that the information obtained during the experimental stage of 
this project is substantiated by the results of other researchers. Although only centre 
line velocities could be compared, a conclusion can be made that suggests the 
following. If the centre line data is comparable and judged to be correct there is no 
reason why the rest of the data surrounding the centre line data should also not be 
correct. After all, this data was measured at the same time and under the same 
conditions as the centre line velocity data. 
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12.0 THE COMPUTER MODEL 
12.1 INTRODUCTION 
The experimentally based predictive models at the moment are for centre line air 
flow velocities only. It is for that reason that the existence of a three dimensional 
experimentally based package as outlined below will be a great aid to designers of 
local exhaust ventilation equipment. Researchers w h o specialise in developing 
theoretical mathematical models will also gain an experimental tool against which 
they can check their findings. The computer model allows the user to input data such 
as the air flow rate, the shape and the size ofthe exhaust inlet and the location ofthe, 
to be calculated, air flow velocity. The output of the model consists of information, 
such as the hood shape, the inlet size, the required air flow velocity location, the 
selected air flow rate, the average face velocity, the velocity ratio and the actual air 
flow velocity at the location stipulated. The output of the computer model includes 
input data and output data and is arranged in tabular form which will provide the user 
with all the information requested. The program code, written in Pascal, can be viewed 
in appendix Q. 
12.2 VELOCITY RATIO FINDING PROCEDURE IN FRONT OF 
RECTANGULAR EXHAUST HOODS 
The manner in which to determine an air flow velocity ratio anywhere in the space 
in front of a rectangular exhaust hood is a much more difficult task than performing 
the same job in front of a circular or square exhaust hood. The last task is made easier 
because ofthe symmetry present in both of these exhaust hoods. W h e n rectangular or 
slot exhaust hoods are used this symmetry is two dimensional only. In order to 
determine the velocity ratio at some arbitrary point in front of these exhaust hoods the 
program developed adheres to the following sequence of events. 
1) From the information supplied, by the user of the program, it is decided if the 
exhaust hood is flanged or unflanged. 
2) From the supplied dimensions ofthe inlet, the aspect ratio is calculated. 
3) For a required velocity ratio, located somewhere at a nominated point in front of 
the exhaust hood, the position of this point in terms of distance along the x, y and z 
coordinates is calculated. 
4) A decision is made if the nominated position falls in the end planes area or in the 
centre planes area (see figure 53). 
Fig. 53 Rectangular and Slot Inlet Measuring Planes 
5) If the nominated position falls within the end planes area, the velocity ratio can be 
determined from the end plane information in a manner the same as that used for a 
circular inlet. 
6) If the nominated position falls in the centre planes area, the following procedures 
are carried out. 
7) The location of the required velocity ratio is transfered on to the centre plane and 
the end plane. The velocity ratio values at these two positions is obtained. 
8) The position of the actual plane on the x axis with respect to these two reference 
planes is calculated. 
9) The two closest reference aspect ratio inlets with respect to the actual aspect ratio 
is selected (ie. if the actual ratio is for instance 3.8:1 select as a reference, hoods with 
aspect ratios of 2:1 and 5:1). 
10) The velocity ratio at the calculated two dimensional selected location for both the 
centre plane and the end plane is determined, as if the inlet aspect ratio is 2:1. 
11) The velocity ratio at the calculated two dimensional selected location for both the 
centre plane and the end plane is deterimined, as if the inlet aspect ratio is 5:1. 
12) The two velocity ratios obtained from the 2:1 reference centre plane and the 5:1 
reference centre plane are then interpolated to obtain a value for the velocity ratio for 
the centre plane ofthe 3.8:1 aspect ratio inlet. A similar interpolation is carried out to 
obtain a value for the velocity ratio for the end plane ofthe 3.8:1 aspect ratio inlet. 
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These interpolations will produce velocity ratio values for both the centre plane and 
the end plane suitable to the aspect ratio ofthe actual exhaust hood. 
13) From the information obtained in item 12 another interpolation, based on the 
developed distance relationship between the centre plane and the end plane in item 8, 
is then carried out to obtain a value for the actual velocity ratio at the selected 
location. 
The velocity ratio curves quickly decay once past the edge of the exhaust hood 
inlets. For a given hood inlet area, different aspect ratio exhaust hoods will have 
different length and width dimensions. Thus in order to make comparisons and to 
interpolate between hoods of different aspect ratio, the hood width at least needed to 
be made dimensionless. For this particular purpose it is the width only that needed to 
be made dimensionless as the planes used are located across the width of the exhaust 
hoods parallel to one another. Once the width of the inlet is changed however it 
becomes necessary to establish the effective arc angle length in each plane to ensure 
that this dimension is compatible with the one unit width inlet. Only after these 
manipulations are carried out the comparison of velocity ratios for exhaust hoods of 
different aspect ratio is valid. Methods that performed the above interpolations were 
developed and are shown in appendix O. Series of experiments were carried out using 
for instance 2:1 and 5:1 aspect ratio inlets as reference hoods and a 3:1 or 4:1 aspect 
ratio inlet as the actual hood. The calculated velocity ratio values obtained using the 
reference hoods were than compared with the experimentally measured values of the 
so called actual hood. Velocity ratios at many different locations were compared and 
even the greatest error found was less the one percent. This is a magnitude of error 
that can be expected when attempting to measure the air flow velocity in the same 
position more than once. It was therefore decided that the methods used to interpolate 
between exhaust hoods of different aspect ratio are valid. They can be used to predict 
air flow velocity ratios for rectangular or slot exhaust hoods of any aspect ratio 
between 1:1 and 16:1 at any location in front of these hoods with very reasonable 
accuracy. 
12.3 THE PROGRAM 
Prologue 
After the program is first initiated, information in regards to the program is shown 
on the screen. The program's capabilities are outlined. For instance the user is 
informed that the program can predict velocities in a three dimensional field in front of 
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differently shaped and sized exhaust hoods. The user is also told that the ratio of actual 
velocity at a point to the average inlet velocity is calculated and displayed. The 
program's limitations are also outlined. The user is informed that the velocity data 
calculated is pertinent to the hemispherical volume in front of the exhaust hood only. 
Velocity values predicted for a position behind the hoods inlet face cannot be 
guaranteed because the hood transition shape and the suction duct size vary with 
different designs. The user is also informed that the predictions made, in the case of 
rectangular exhaust inlets, are intended for exhaust hoods up to a m a x i m u m aspect 
ratio of 16:1. 
User Input 
After the above preliminaries the user is invited to select an output device. The 
output of the program can be directed to three different devices. The results of the 
input can be sent to: the screen only; to the screen and a printer; or the user can select 
that the output data is to be deposited into a user defined data file. 
The user is then asked for an exhaust hood inlet shape. Three different shapes can 
be dealt with and flanged or unflanged options are available. The user is n o w 
instructed to select one of these. The shapes that can be handled with this program are: 
1 Rectangular 
2 Rectangular - Flanged 
3 Circular 
4 Circular - Flanged 
5 Square 
6 Square - Flanged 
->-x 
Fig. 54 Circular Inlet Coordinates 
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After selecting the exhaust hood shape, the user is invited to enter the expected air 
flow rate in cubic meters per second. 
At this stage the program splits up in three different sections as each shape must 
be treated differently. First of all the inlet size is asked for. In the case of a square 
hood the user is directed to nominate the size ofthe inlet across the flats. For a circular 
inlet the diameter is sufficient and for a rectangular shaped inlet both the length and 
the width are asked for. From the above information the average inlet air flow velocity 
can be calculated and the aspect ratio of any rectangular inlet can be determined. Next 
the program will prompt the user in each of these three cases to respond whether the 
hood is flanged or unflanged. 
After the above information is supplied it is necessary for the program to locate 
the position at which the velocity and or the velocity ratio is wanted. To help the user 
in pinpointing the exact location of the information wanted, the program at this stage 
calls on the appropriate procedure which will draw the required representation. Six 
different drawings can be selected, one for each shape, flanged or unflanged. The 
drawing, part of the input information, features in the case of a circular shaped inlet, 
two principal coordinates. The first (Y) coordinate is positioned at the centre of the 
inlet and at right angles to the inlet face, as shown in figure 54. The second (X) 
z r ^ 5 
Fig. 55 Square and Rectangular Inlet Coordinates 
95 
coordinate is in the plane ofthe inlet face and across the flats when the hood shape is 
square or rectangular. In the case of a circular hood, due to its symmetry, the second 
coordinate can be in any position as long as it is situated in the plane ofthe inlet face. 
A third (Z) coordinate is necessary when the inlet is square or rectangular shaped (see 
figure 55). This last coordinate is once again placed across the flats in the case of a 
square inlet or along its length when rectangular or slot hoods are considered. In all 
three cases, the program invites the user to input the dimensions from the centre ofthe 
inlet face along each of these coordinates to the point of interest. With this 
information different program procedures are able to calculate the arc angle line on 
which the required point is situated and its distance along this line. 
Position calculation 
Due to its symmetry this is all the information required at this stage for circular 
inlets, as it can adequately describe a position in a plane at right angles to the hood 
face. This particular plane, in the program, is called the X-Y plane and the coordinate 
Y, which is situated at right angle to the hood face, is used as a datum line. W h e n a 
square shaped inlet is involved more information needs to be manipulated. Because of 
the limited symmetry of such a square inlet a three dimensional position of the 
required point needs to be obtained. The X coordinate acts as the datum. A plane 
parallel to the inlet face is called the X-Z plane in this program. A s the angle from the 
datum in the X-Z plane to the X - Y plane can also be calculated, the exact location of 
the point in question is known. A similar approach is adopted in the program to locate 
a required position for a rectangular inlet. However the distance between the so called 
centre plane and the end plane of the inlet is treated as series of Y-Z planes as is 
shown in figure 56. The centre plane is situated at the centre of the inlet (ie. the 
intersection ofthe X,Y and Z axis) and across the width ofthe hood. The so called end 
plane is placed along the inlet's length centre line (ie. X axis) parallel to the centre 
plane, at equal distance from end ofthe hood and its sides. A simple way of imagining 
these parallel planes is to look on them as sliced bread. A point in this area is located 
by a X - Y plane and a given distance from the centre along the X axis. From the end 
plane onwards the volume is treated in a similar manner as that of a half square inlet 
(see figure 56). 
Velocity determination 
The air flow velocities measured during the project's experimental data gathering 
96 
Fig. 56 Centre and End Plane Locations for Rectangular Inlets 
period were manipulated into decay curves by means of a curve fitting package. A 
large number of these decay curves were produced to describe quite accurately 
velocity ratios in front of differently shaped exhaust hoods. This velocity ratio consists 
of the ratio of the actual measured velocity at a point to the average inlet velocity. 
These decay curves are stored in some forty one data files each containing between 
twenty two to twenty six curve fittings. The velocity field in front of an exhaust hood 
was divided up into a relative coarse polar grid system and a potentially much finer 
rectangular grid system. 
After the exhaust hood shape has been decided on and the location of the required 
velocity calculated, the program decides on which plane the required velocity is 
situated. If the selected velocity location is not situated exactly in a predetermined 
plane, the two closest planes are selected. A programming routine then constructs the 
file name in which the data of the decay curves is being held, allowing it to be called 
up. 
The program at this stage orders up the procedure named velocity. The correct 
polar arc angle or the appropriate rectangular grid line is determined, or once again if 
the data is positioned between two known points on the grid, the two nearest polar or 
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rectangular grid lines are called up. The program n o w searches through the data files, 
with a counting routine, to isolate the decay curve data. The data file will also indicate 
the type of mathematical equation used for the curve fitting exercise. Once the 
appropriate information has been found in the data files, the search is discontinued and 
the user is returned to the main program. 
At this stage all the information is n o w available to determine the air flow 
velocity and the velocity ratio at a required point. The plane or planes on which the 
information needed is situated have been located. The arc angle line or grid line has 
been calculated and the data collected along that grid has been taken out of the data 
files. The curve fitting procedure for that data is also known. The program n o w calls 
up a function that contains the appropriate mathematical expression and the velocity at 
that point plus the velocity ratio can be determined. The methods used to obtain the 
above information is somewhat similar for all three different shapes. However with 
the square inlet and more so with the rectangular or slot inlet, the procedure is much 
more involved as symmetry is only very limited. Also when the information needed 
falls between planes or grid lines with known data, interpolating procedures are used 
to obtain the real values of air flow velocity or velocity ratio at the location selected. 
Output data 
Finally the program provides the user with an output table. In general the 
information provided for all the differently shaped exhaust hoods is the same except 
when hood inlet sizes are quoted. First of all the user is informed of the hood shape 
that was selected. This will be square, circular or rectangular. The information 
supplied will also indicate if the exhaust is flanged or unflanged. Secondly the inlet 
size will be given. This will be in the form of diameter for a circular shaped inlet, a 
single size across the flats when the inlet shape is square or in terms of width and 
length if the inlet is rectangular or slotted. The output table next supplies the location 
of the point at which the velocity or velocity ratio was requested. This position is 
given in terms of distances in millimetres along the X, Y and Z axis. The air flow rate 
selected by the user is shown in the table and the calculated hood inlet area is also 
displayed. The above data shown are mainly figures supplied by the user. The next 
three items of information are those calculated by the program from the data supplied. 
First of all the average face velocity is shown. Secondly the velocity ratio, expressed 
in percentage, can be observed. Finally the actual air flow velocity at the point in 
question is displayed. 
The output table was designed in such a manner so as to display not only the 
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calculated results but also the user inputs. In this manner a copy of the output should 
contain all the information needed by the user. A typical output table for a slot exhaust 
hood is shown in figure 57. 
SELECTED HOOD SHAPE: Rectangular - Flanged 
Hood profile dimension(s) 
The width of the hood: 
The length ofthe hood: 
Selected Xaxis: 
Selected Taxis: 
Selected Zaxis: 
Selected Flowrate: 
Hood area: 
Face velocity: 
The velocity ratio in percentage: 
The actual velocity at this point 
50.00 m m 
600.00 m m 
40.00 m m 
50.00 m m 
60.00 m m 
0.500000 cubic meter per second 
0.030000 Square meter 
16.67 m/sec 
25.86% 
= 4.31 m/sec 
Fig. 57 Typical Output Table of Program Information 
Warnings 
Right from the start the user is made aware of the limitations of the program. 
When the program is first entered, the user is not only informed of what the program 
can do, but the attention is also drawn to the restrictions present. A notice is displayed 
informing the user that predictions are only valid, in the case of rectangular exhaust 
hoods, for a m a x i m u m inlet aspect ratio of 16:1. Also the space that can be accurately 
surveyed is the hemispherical volume in front of the hood. Air flow velocities 
obtained for locations behind the inlet face are approximate only. The physical 
interference of the exhaust hood and duct work can not be taken into account by the 
program, as these tend to change with each different design. 
Very close to the inlet, the actual air flow velocity is unknown because the 
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anemometer used during the experimentation stage of the program could not 
physically reach that position with the smaller type inlets. The first measurements that 
could be taken with known accuracy were at a dimensionless distance of 0.025 (ie. 5 
m m for a 200 m m square inlet) away from the inlet face. In this program it was 
assumed that the velocity of the air flow is the same in this 5 m m region. By 
measuring velocities at these two locations using a large inlet, it was found that the 
error involved using this technique is less than one percent. The error will only be 
present when one measures at the inlet face, a location of no practical significance. 
Another area which the program needed to treat somewhat differently is close to 
the inner side of the inlet edge. In this location as discussed before the air flow 
velocity tends to drop dramatically due to air turbulence and overshoot. Surrounding 
this low velocity area are the normal air flow velocity values. In the program it was 
assumed that the air flow in this problem area has the same velocity as the air closely 
surrounding it. This assumption will not degrade the programs credibility because for 
all practical purposes the low velocity area may as well have the same velocity as that 
present in the area surrounding it. Any contaminants caught in this area cannot escape 
due to the surrounding higher air flow velocity and will be forced down the hood into 
the suction duct. 
One of the first warnings the user receives is when the location for which the 
velocity is required, falls outside the bounds of the accumulated data. Velocity data 
for instance was gathered in a hemispherical space in front of an inlet to a non 
dimensional radius of 2.5 (ie. 500 m m in front of a 200 m m square shaped inlet). If 
the user for instance requests data at a point greater than this radius a suitable message 
to that effect will be given and the program is terminated. The message also suggests 
that the user should try a location closer to the hood inlet. 
If for some reason the information in the data files is corrupted or destroyed, a 
message will be given to the user to the effect that the data is no longer available. In 
that event the program will stop. 
If a rectangular inlet shape is called up and all sides are given to be equal, the 
program reverts to the evaluation of a square shaped exhaust hood. 
If in the case of rectangular inlets a request is made for a hood inlet aspect ratio 
greater than 16:1, the program will inform the user that information beyond the said 
aspect ratio is not available. 
If the width and the length dimensions given by the user have been interchanged 
(ie. the given width is greater than the stated length) the program will make 
corrections automatically by interchanging the X and Z axis. 
The program does have some limitations and that seems no more than logical. 
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After all there are an infinite number of inlet shapes and some of the more common 
types were selected. The width of the flange can also be made to an infinite number of 
sizes and it was for that reason that the most optimum size of 4 A was selected. What 
this means is that when the width of the flange is smaller than the optimum value, the 
velocity obtained is over estimated. W h e n the flange is greater than this optimum 
value however, the program will predict the correct velocity data. 
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13.0 VALIDATION OF THE COMPUTER MODEL 
13.1 INTRODUCTION 
Every measurement involves an error. Thus experimental work, as carried out 
during this project, will also contain some error. Total elimination remains beyond 
human power. What can be done however is to take all possible precautions when 
taking these measurements and then finally make an attempt to assess the magnitude 
of their deviations. During the course of this project special care was taken to 
eliminate as many errors as possible and to minimise those impossible to fully control. 
Various air flow measuring devices were studied and then the most appropriate 
instrument for the task at hand was selected. The instruments were calibrated and 
effects such as for instance stem blockage or variation with air flow approach angle 
were taken into account. Finally the design of the testing station was such that the 
consequences of possible poor inlet conditions, draft and other air flow disturbing 
effects were either eliminated or at least known and taken into consideration. 
There were two factors that needed to be investigated. First of all it was necessary 
to validate the program. Certain data was used to construct the program and it was 
necessary to determine how faithful the program returns that material when asked for 
it. Secondly the overall computer model needed to be evaluated. In other words, 
determining the error involved when comparing the predicted air flow velocity at a 
point in space to the actual measured velocity when using an inlet of certain size, 
shape and nominated air flow rate. T w o different methods of error analysis were used. 
A graphical analysis was used to give a visual picture ofthe errors and their trends. A 
statistical analysis was carried out to quantify the errors in estimates produced by the 
program. 
13.2 VALIDATION OF THE PROGRAM OUTPUT 
The data used in the computer model was obtained during the experimental stage 
of this project and then by means of mathematical expressions stored in the program. 
Ideally if the user requests the air flow velocity at a tested point in space in front of a 
tested inlet, the program should return the exact value used to set up this data bank. In 
reality however there is room for a number of possible errors. O f necessity the number 
of data points that can be used are finite. A s a rule the greater the number of data 
points used, the greater the chance is that intermediate data points contain information 
with fewer and smaller errors. But in even the most thorough data collection system 
102 
there are points where the data needs to be estimated. During this project the data was 
collected along two grid systems. In the area away from the inlet face a relative course 
polar grid system was used as the velocity changes only gradually in this area. Close 
to the inlet face a much finer rectangular grid system was used to ensure that quickly 
changing air flow velocities were recorded at much closer intervals. In order to store 
all the air flow velocity data collected and to estimate the velocity in between these 
points, curve fitting ofthe data was carried out. This procedure has inherent problems 
as no one mathematical expression can fit all the collected data perfectly. To ensure 
that the best fit possible was obtained, each set of data was looked at and if necessary 
cut in such a manner that two or more different curves represented that set of data. At 
the cutting location each ofthe curves was then blended to ensure a smooth transition 
from one curve into the other. A regression analysis was carried out on each curve to 
ensure that the errors induced by the curve fitting procedure were not too great. The 
point at which one curve blends into the other could not at that stage be evaluated for 
errors. However the final validation of the program lumped all these uncertainties 
together and it was possible to establish the errors created by using this method of data 
storing. 
To measure the success of the methods employed to store the data in the 
computer model, first of all a statistical analysis was carried out on the three different 
inlet shapes used during the project. To create the computer model many velocity 
readings were taken in an orderly manner, by means of grid systems, in the space 
surrounding an inlet of specific shape and size. For each shape fifty of these 
measuring locations and their experimental velocity ratio values were selected in a 
random manner with the help of a table of random numbers. The computer program 
was then used to predict the air flow velocity ratio at exactly the same location for the 
same shape and size exhaust inlet. The actual experimental air flow velocity ratios 
were then compared with the program predicted air flow velocity ratios. A s the air 
flow ratio changes with the distance from the exhaust hood inlet face these values 
needed to be normalised. In order to achieve that a percentage error value, that 
indicates the deviation ofthe program predicted velocity ratio from the experimentally 
obtained velocity ratio was introduced. Three tables, each containing data for 
respectively a circular, a square and a rectangular shape are shown in appendix R and 
from this information the following conclusions were calculated. 
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No of observations : 50 
Minimum error : 0 % 
Largest error : 3.9% 
Mean error : 0.9 % 
Standard deviation : 1.2 % 
Circular Hood Inlet 
Conclusions from Table 1 Appendix R 
No of observations : 50 
Minimum error : 0 % 
Largest error : 3.2 % 
Mean error : 1.4 % 
Standard deviation : 1.0% 
Square Hood Inlet 
Conclusions from Table 2 Appendix R 
No of observations : 50 
Minimum error : 0 % 
Largest error : 3.3 % 
Mean error : 1.2% 
Standard deviation : 0.9 % 
Rectangular Hood Inlet 
Conclusions from Table 3 Appendix R 
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The data gathered was also analysed in a graphical manner. This procedure was 
carried out to give a clearer picture of the trends in behaviour and of scatter in the 
results obtained. A typical scatter chart is displayed in figure 58 and the chart shows 
the results obtained when a 200 m m circular reference inlet was used for the 
evaluation. 
To normalise the data a vertical axis that exhibits the ratio of the experimentally 
found velocity ratio to the program predicted velocity ratio was used. If there is no 
error present this ratio will obtain the value of 1. A value of 0.95 or 1.05 on this axis 
will indicate a disagreement of 5%. Below 1 on the vertical axis the predicted air flow 
velocity ratio is estimated to be above the actual experimental or reference velocity 
ratio and above the value of 1 an under estimation has taken place. The horizontal axis 
displays the actual experimental velocity ratio. This means that in a location close to 
the vertical axis of the plot, when the experimental velocity ratio is small, the distance 
to the inlet face ofthe exhaust hood is relatively large. Further to the right ofthe graph 
locations plotted are closer to the inlet face. From the scatter chart it can be seen that 
all errors are within approximately 4 % . Except for a couple of locations most of the 
velocity ratio values found closer to the inlet face are within 2 % but this spread of 
results tends to increase further away from the hood face. This is logical of course as 
air flow velocities dealt with in this area are relatively small. A small numerical error 
will produce a rather large percentage error and also even a small draft will play havoc 
with the accuracy of the velocity measurements when the air flow velocities are 
relatively small. The program used as data, the air flow velocities obtained at various 
flow rates in front of a 200 m m square inlet and for the rectangular inlet, aspect ratios 
of 2:1, 5:1, 8:1, 12:1 and 16:1 were used. The correlation obtained for the square 
inlets and the rectangular inlets can also be observed by means of scatter charts in 
appendix S. 
13.3 VALIDATION OF THE ENTIRE COMPUTER MODEL 
In the foregoing section an evaluation of the program structure was carried out. 
An analysis was carried out on h o w faithful the program returned the data used to 
construct the computer program. In this section the overall performance of the 
computer model was evaluated. Air flow velocities and velocity ratios were measured 
in front of inlets that included others than those used to produce the computer 
program. To test the overall accuracy of the computer model, 100 locations were 
selected in a random manner in front of various sized inlets of a certain shape. The 
flow rate was also altered. In the case of circular inlets, hoods of diameters 300 m m , 
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200 m m and 150 m m were used at different air flow rates. For this validation exercise 
square hoods with inlet sizes of 350 m m , 200 m m and 140 m m were used once again 
with different air flow rates. To demonstrate the accuracy of rectangular inlets, 
exhaust hoods with an aspect ratio of 4:1 and 10:1 were used with different air flow 
rates. Once again as before a statistical analysis and a graphical analysis were used in 
an attempt to demonstrate the validity of this computer model. Three tables containing 
the data for circular, square and rectangular shaped inlets are shown in appendix S. 
Evaluating these tables the following conclusions were drawn. 
N o of observations : 100 
Minimum error : 0 % 
Largest error : 4.8 % 
Mean error : 1.6% 
Standard deviation : 1.5 % 
Circular Hood Inlet 
Conclusions from Table 1 Appendix S 
N o of observations : 100 
Minimum error : 0 % 
Largest error : 4.4 % 
Mean error : 1.4 % 
Standard deviation : 1.1 % 
Square Hood Inlet 
Conclusions from Table 2 Appendix S 
N o of observations : 100 
Minimum error : 0 % 
Largest error : 4 % 
Mean error : 1.4 % 
standard deviation : 1.0 % 
Rectangular Hood Inlet 
Conclusions from Table 3 Appendix S 
A graphical analysis was also used to reinforce the findings of the statistical 
analysis. Figure 59 shows a typical result of these tests on a so called Test Scatter 
Chart. Results obtained for the circular shaped inlet and the rectangular shaped inlet 
of various aspect ratios are also included in appendix S. 
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Square Inlet Test Scatter Chart 
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Overall the accuracy achieved was quite satisfying. This last series of tests as 
discussed in this chapter were a pointer to the success of the whole project. The 
largest error found during the analysis is less than 5 % and the bulk of the errors 
detected were within 3 %. 
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14.0 OBSERVATIONS MADE OF AIR FLOW BEHAVIOUR IN FRONT OF 
EXHAUST HOODS DURING TESTING 
14.1 INTRODUCTION 
Although the characteristics of the air flow into an exhaust inlet has no direct 
bearing on the aims of this project, the subject is of enormous interest to researchers in 
the field as it can explain many phenomena observed during testing programs. Also 
an exhaust hood designer should be aware of different air flow characteristics for 
different hood configurations, so that the most efficient exhaust inlet can be designed 
for a particular application. The designer cannot design for instance an efficient 
exhaust hood unless he or she is quite familiar with the various reach properties of 
different inlet shapes. Amongst other things the consequence of fitting flanges should 
be known and a decision to increase for instance the aspect ratio ofthe inlet should be 
accompanied by a knowledge ofthe consequences of such a move. 
During the testing period many different air flow characteristics were observed. 
Some of these characteristics were expected as they were noticed by earlier 
researchers, however others came to light only because three dimensional testing was 
carried out. Also as earlier researchers worked mainly in one dimension, their findings 
needed to be confirmed or otherwise for three dimensional situations. 
14.2 CONSTANT VELOCITY CONTOUR LINES 
One ofthe first phenomenon observed by researchers was that the suction induced 
air flow velocity falls rapidly with increasing distance from the hood inlet face. Tests 
conducted during this project not only confirmed this for centre line velocities, but 
also suggested that the same rate of decay was prevalent in all three coordinate 
directions. Point sink based theoretical considerations also confirm these findings. 
DallaValle (1932) suggested that there is a tendency for the constant air flow 
velocity lines to flatten as the size ofthe exhaust hood inlet area increases. N o special 
study was made of this phenomenon during the testing stage ofthe project. However 
a number of different size exhaust hoods were used while establishing the principles 
of similarity. Circular exhaust hoods of between 150 m m and 300 m m diameter were 
used during the testing period and the square exhaust hoods tested measured between 
140 m m and 350 m m . The constant velocity contours tend to be fairly flat close to the 
hood inlet but this phenomenon occurred with all sizes. This is to be expected as for 
spherical shaped velocity contours a point sink is needed. A real exhaust hood has a 
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finite physical size and only approaches a point sink if the location of interest is 
distant from the inlet. It was observed that beyond the dimensionless distance (X/4A) 
of approximately 1.3 the velocity contours of both circular hoods and square hoods are 
close to spherical. The ratio of actual velocity at a point to the average air flow 
velocity at the inlet (velocity ratio) at that distance is approximately 0.05. N o 
tendency ofthe flattening of velocity contour lines due to hood inlet size growth was 
detected, however as mentioned before testing needs to be more exhaustive to confirm 
this phenomenon beyond any doubt. 
14.3 CIRCULAR VERSUS SQUARE EXHAUST INLETS 
Many researchers do not differentiate between circular and square shaped exhaust 
hoods. Sometimes the same formulae are used to predict air flow velocity ratios at a 
given position in space. The experimental data obtained in this particular project, to a 
large extent, supported this conclusion. If estimates of the velocity ratio only need to 
be approximate then the results ofthe two differently shaped hoods could be regarded 
as similar. Perhaps this occurrence is not all that surprising. During the experiments it 
was noticed that in the corners of the square exhaust hoods there was almost no air 
flow. The air drawn from the side of the actual inlet face of the exhaust hood, tends 
to overshoot the edge and produces an area close to the hood edge were there is very 
little air flow. Figure 60, plotted from the results obtained during the testing, 
demonstrates this effect when equal velocity ratio contour lines are plotted in front of 
an exhaust inlet. Velocity contours drop sharply near the edge of the exhaust hood, 
indicating little air flow in that area. This phenomenon happens with both circular and 
square inlets, however in the corners of the square inlets the effect of this occurrence 
is far greater as a larger area is involved. Thus the actual useful inlet area of a square 
inlet approaches that of a circular hood ofthe same diameter. 
Constant velocity contour lines when plotted on dimensionless coordinates for a 
200 m m diameter circular hood and for a 200 m m square hood are very close to 
identical, when plotted across the width of the square inlet. For both of these hoods, 
identical velocity contours are at a similar dimensionless distance. The 5 % contours 
for instance are at the dimensionless distance of 1.35, the 2 0 % contours are at 0.67, 
the 5 0 % contours are at 0.33, the 8 0 % contours are at 0.15 etc. This experimental data 
shows that despite the poor air flow characteristics in the corners of square inlets, 
DallaValle's (1932) assumption that both, circular and square hoods with the same 
inlet area can be treated in the same manner is correct for centre line velocity 
predictions. 
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Circular Inlet Square Inlet 
Fig. 60 Velocity Contours for a 200 mm diam. Circular and a 200 mm Square Inlet 
Experimental results found for the rest ofthe space in front of these hoods shows that 
this correlation becomes poorer as the location of interest is removed further from the 
hood centre line. 
14.4 VELOCITY RATIO VARIATION WITH ASPECT RATIO 
In his earlier work Fletcher (1977) determined that the variation of centre line 
velocity with distance from the hood face is strongly dependent on the aspect ratio of 
the exhaust hood as can be observed in figure 61. The results obtained during this 
project not only confirm these findings but extended the statement to include the 
whole space in front of the exhaust hood. Some of the results obtained during tests 
conducted while using different aspect ratio exhaust inlets are shown in appendix L. 
This research found that for a fixed average inlet face velocity, the velocity at any 
point in front of a rectangular or slot hood is decreased as the aspect ratio ofthe hood 
is increased. A few researchers in the past have attempted to express the fall in air 
flow velocity with a rise in aspect ratio into a single percentage. This cannot be done 
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Fig. 61 Velocity Ratio's in Front of Slot Inlets with Different Aspect Ratio's 
because the decrease in velocity ratio is very much dependent on the distance from the 
hood face. Studying the results of tests as displayed in appendix L it can be seen that 
the velocity ratios are very similar, for all aspect ratios, close to the hood inlet face. At 
the dimensionless distance of 2.5 ( or at a distance of 500 m m for a 40000 square m m 
inlet) these velocity ratios tend to be similar once again. In between these extreme 
distances the velocity ratio at a certain distance from the inlet face varies considerably 
with the hood aspect ratio. This phenomenon was not only observed for centre line 
velocity ratios, but also for locations away from this centre line. 
The use of slot inlets during the experiments, highlighted a number of 
characteristics c o m m o n to these type of exhaust hoods. It was noticed that as the 
aspect ratio of the exhaust hood increased, so did the resistance to air flow. Also for a 
given connecting duct size and a particular given inlet length most ofthe air will enter 
the system through the centre if the slot is relatively wide, leaving less flow at the 
extreme ends of the hood. W h e n the width of the slot is reduced the air flow tends to 
even out along the length ofthe hood, ensuring a more uniform flow. 
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14.5 THE FLANGED EXHAUST HOOD 
Flanges fitted to exhaust hoods, if large enough, prevent air being sucked in from 
the region behind the flange. A s this is a region normally uncontaminated, the practice 
does not affect the ability to remove contaminated air from a work station but it does 
improve entry conditions into the exhaust hood. Air drawn from behind the exhaust 
hood is forced to turn into the hood quite abruptly creating stationary vortices near the 
edge of the hood. This phenomenon reduces the effective area of the hood inlet and 
usually this results in air flow velocities at the centre that are higher than the average 
inlet velocity. A s the entry conditions improve, the velocity distribution across the 
inlet face tends to become more even and the reach is increased. In other words, less 
air flow is needed to obtain the same degree of control if flanges are fitted to an 
exhaust hood. It has been mentioned before that as the aspect ratio of an exhaust hood 
increases, the velocity ratio decreases given that all hoods are of the same inlet area 
and experiencing the same average inlet velocity. This last statement is true for both 
unflanged and flanged inlets. However the benefits gained by fitting a flange increases 
with the increase in the aspect ratio ofthe hood. 
The above changes were noted not only for the centre line velocities, in this 
project, but also for the air flow velocities present in the three dimensional space 
surrounding exhaust hoods. However no single percentage improvement can be 
quoted when discussing the benefits of fitting flanges. As with the decrease in air 
flow velocity ratio measurements when the aspect ratio increases, most of the 
differences occur some half an exhaust hood diameter away from the hood face. At the 
above distance from the exhaust hood inlet, the velocities ratios encountered will be 
some 6 0 % less for a sharp edged 16:1 aspect ratio hood than what is experienced in 
front of a 2:1 sharp edged aspect ratio hood with the same inlet area. B y flanging the 
2:1 aspect ratio inlet an improvement of approximately 1 5 % can be expected. W h e n a 
16:1 aspect ratio hood is flanged however a 5 0 % to 6 0 % improvement to the velocity 
ratio has been measured during the course of this particular project. 
14.6 IMPROVING AIR FLOW CHARACTERISTICS 
From the observations made during the experimentation period, of which some 
have been discussed in this chapter, it can be concluded that the most efficient 
rectangular and slot exhaust hoods are those with small aspect ratios. W h e n it is 
necessary to use large aspect ratio slots, flanges should be fitted if at all possible. The 
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resistance of a large aspect ratio hood is often depended on to even out the air flow 
over the whole of the length of the inlet. Such a method is really very inefficient. A 
much more effective design is to spread the suction evenly before it enters the exhaust 
hood. The suction duct can be split into two or more branches. These branches then 
are to be connected a transition section, allowing even flow along the length of the 
hood inlet. For even greater efficiency the air flow can be directed with the use of 
splitter vanes. Such a system will be much more efficient than a design that depends 
on resistance to even out the air flow. Another possible improvement is the fitting of a 
grid in the inlet ofthe exhaust hood. Such a grid needs to be as thin as practical and of 
fair depth. A grid manufactured in that manner will be able to direct the air flow into 
the inlet. The vena contracta of the air flow can be manipulated and thus the 
distribution of the velocity across the inlet can be improved. It is even possible to 
place the strips that make up the grid at various angles and thus influencing the air 
flow directions outside the exhaust hood. 
The manner in which air flows into an exhaust hood has no direct bearing on the 
aims of this project. However the subject is of enormous interest to all local exhaust 
ventilation designers and a good understanding of it has the potential to improve the 
efficiency of a system enormously. It seemed therefore appropriate to discuss the 
findings, especially as in this project, experimentation was carried out in a three 
dimensional manner. 
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15.0 SUMMARY AND RECOMMENDATIONS 
15.1 OVERVIEW 
The aim of this project has been to develop a computer model that will aid 
designers of local exhaust ventilation equipment. To do this efficiently it is necessary 
to obtain information pertaining to the three dimensional velocity fields in the vicinity 
of a number of differently shaped and sized exhaust hoods. From the onset of the 
project it was decided that the approach taken would be an experimental one for the 
following reasons. Firstly computer models based on classical fluids theory are 
already in existence. However their accuracy is not known and often questioned as 
many assumptions need to be made before a 'real world' problem can be formulated in 
a theoretical manner. Secondly experimentally based predictive models in existence at 
the moment are for centre line air flow velocities only, an extremely limiting 
constraint on the captor hood designer. Finally, a three dimensional experimentally 
evolved computer model has the ability to help researchers w h o specialise in 
developing theoretical mathematical based computer models. This is important as the 
potential of these theoretically based computer models is greater than that of the 
experimental models because theoretical programs can be made to take into account 
interference factors such as draft and the presence of close objects. 
15.2 EXPERIMENTAL AND ANALYTICAL PROCEDURES USED 
To facilitate the examination and the measuring of velocity gradients outside 
local exhaust ventilation hoods a ventilation rig was designed and built. The rig was 
able to handle the variety of different exhaust hood configurations and sizes used 
during the project. Air flow rates were easily changed from zero to a ma x i m u m 
velocity of 30 m/sec when using an exhaust hood inlet face of 0.04 m2. Air flow 
measuring facilities also proved to be well designed. Air flow patterns inside the 
measuring ducts were of the symmetric bell shape necessary to provide results to a 
high degree of accuracy. The air flow patterns in front ofthe exhaust hood inlet were 
due to the conditions generated by the researcher and not affected by interference from 
nearby surfaces or the discharge outlet. During the experimental work carried out for 
this project, it was found that the ventilation testing facility was capable of providing 
for all the requirements placed on it. Every air flow rate needed, was adequately 
catered for. The ancillary equipment designed to suit this experimental test facility 
also was found to behave in a manner as expected. Exhaust hoods with circular square 
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and rectangular inlets were built in a number of sizes and the latter type hood was 
manufactured with aspect ratios ranging from 2:1 to 16:1. Exhaust hoods tested were 
flanged and unflanged. The air flow visualisation ring, built to observe the directions 
of the air flow also supplied adequate information, however with more work the 
design could be improved to provide a more stable visual air flow pattern. 
Air flow measuring instrumentation and devices were evaluated and the most 
suitable for a particular task selected. The two main air flow measuring activities 
during the experimental testing stage were the determination ofthe air flow velocity at 
various points in front of the exhaust inlet and the metering of the air flow rate at the 
same time. Each of these locations were found to have a totally different physical 
environment and a full investigation of the many air flow measuring devices available 
was carried out before appropriate instruments were selected. The air flow measuring 
devices were calibrated and their accuracy determined. Possible error arising 
conditions such as for instance the stem blockage of a pitot- static tube or the direction 
sensitivity of a hot wire anemometer were isolated and studied. Procedures were 
developed to remove the problem causing conditions and if this was found to be not 
possible, solutions were found to compensate for them. 
To fulfil successfully the aims of this project, a complete understanding of the 
three dimensional velocity field in front of the variously shaped and sized exhaust 
hoods was necessary. Lines of equal velocity are an essential tool to this 
understanding. T o obtain air flow velocity values at known locations a polar 
coordinate and a rectangular coordinate grid system was developed. The polar 
coordinate system was used at a relatively large distance from the hood face as 
velocity changes in this area are rather gradual. Closer to the exhaust hood inlet face 
where the velocity gradient tends to be steeper the more flexible rectangular grid was 
used to ensure small changes in air flow velocities were recorded. At this stage the 
measuring planes for each of the exhaust hoods tested were also selected, taking into 
consideration the symmetry of each inlet shape. Air flow velocity measurements were 
then made, using the different exhaust hood shapes and sizes, along the predetermined 
grid lines. 
The air flow velocities found were turned into dimensionless data in the form of a 
velocity ratio and a distance ratio with respect to the hood inlet face. To store the 
large amount of data obtained, each set of data was plotted and a curve fitting 
procedure was carried out. A correlation analysis was carried out on each of these 
curves to ensure that the mathematical expressions obtained, were able to reproduce 
the data stored in them with less than 3 % error. 
DallaValle (1932) during the course of his research established what he termed 
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"The Principle of Similarity of Velocity Contours". However as the above researcher 
worked with centre line velocities only this principle needed to be further developed 
and tested for a three dimensional velocity field. The similarity research carried out 
during this project indicated that the principles of similarity not only hold for one 
dimensional centre line velocities but are also valid for the case of a three dimensional 
velocity field. 
Perhaps one of the most difficult tasks undertaken in this project was the 
indication of air flow velocities around a rectangular or slot exhaust inlet, due to the 
many different aspect ratios possible. Information collected by previous experimental 
researchers was limited. A configuration of measuring planes was decided on and each 
plane was then fully investigated by measuring air flow velocities at specific locations. 
From that information a series of relationships between inlets with different aspect 
ratios was formed. After the above investigation it was possible to indicate air flow 
velocities, in a three dimensional field, for different sized rectangular or slot exhaust 
hoods with a continuously varying aspect ratio of between 1.1 to 16:1. 
Velocity contours as the air moves into the inlet were also investigated. It was 
found that close to the exhaust inlet velocity contours tend to be fairly flat in shape. 
Further away from the hood however the velocity contours of both circular and square 
inlets approach a spherical form. Poor air flow characteristics in the form of stationary 
vortices were noticed in the corners of square and rectangular shaped inlets and close 
to the edge of all hoods. Air drawn from behind the exhaust hood is forced to turn 
sharply at the inlet edge before it moves into the hood. This phenomenon creates 
stationary vortices near the edge ofthe exhaust hood. W h e n the inlet is flanged the air 
is unable to turn immediately through 90 degrees into the inlet and some overshoot 
occurs. M a n y researchers do not differentiate between circular and square exhaust 
hoods. It was found during the investigation stage of this project that the useful inlet 
area of a square inlet approaches that of a circular inlet whose diameter is the same as 
the width of the square inlet. However although the square inlet approaches the same 
effective area, approach is the operative word, in real terms it is still somewhat larger 
and consequently has a greater reach. The research also found that for a fixed inlet 
area and face velocity the air flow velocity at any point in front ofthe exhaust hood is 
decreased as the aspect ratio ofthe hood is increased. Although researchers in the past 
attempted to express this change in a single percentage, it was found that this cannot 
be done as the decrease in velocity is very much dependent on the distance from the 
hood face. A relationship for inlets of various aspect ratios was developed to predict 
this decay. 
The use of rectangular and slot inlets during the experimental stage ofthe project 
116 
also highlighted a number of other characteristics c o m m o n to these types of hoods. It 
was noticed that as the aspect ratio of the exhaust hood increased, as expected, so did 
its resistance to air flow. Also the air entering the rectangular inlet tends to do that 
through the centre, leaving less flow at the extreme ends ofthe hood. As the width of 
the slot is reduced however the air flow tends to even out, due to the resistance, along 
the length ofthe inlet. 
One method to evaluate the quality ofthe work carried out during this project was 
to compare the results obtained with those of other researchers working in the same 
field. Other researchers concentrated mainly on the variation ofthe velocity along the 
centre line axis of the exhaust hoods. Bearing in mind that only these centre line air 
flow velocities could be compared, it can be concluded that the experimental 
information obtained in this project correlates very well with that of other researchers. 
Finally with the information gathered and then stored by means of mathematical 
expressions, a computer program was written that predicts air flow ratios and 
velocities in front of various shaped and sized exhaust hoods in a three dimensional 
manner. The program does, as is usual, have some limitations. For instance only the 
more c o m m o n shapes of inlets are catered for. This is only natural as the number of 
different shapes possible is unlimited. Also inlets with an aspect ratio greater than 
16:1 are not catered for. The width ofthe flange in practice is manufactured to many 
sizes. This program only caters for flanged inlets fitted with the optimum flange 
width. 
As a last task the validity of the computer model was carefully investigated. A n 
analysis was carried out to determining to what degree of faithfulness the program 
returns data used to construct the computer program. Air flow ratios and velocities 
were measured in a random manner in front of exhaust hoods. The computer model 
was than used to predict the air flow ratios and velocities in exactly the same location. 
A statistical and a graphical analysis was then carried out for each of the different 
shapes. The overall accuracy achieved was found to be quite satisfying. The largest 
error found during the extensive analysis was 5%. More than 8 5 % of the errors 
detected were less than 3%. It seems that the precautions taken during the design and 
building stage of the project, during the experimental stage of the project and during 
the formulation stage ofthe program have been rewarded. 
15.3 RECOMMENDATIONS 
When using the computer model to estimate the air speed at various points around 
the different exhaust inlets, a number of improvements came to mind which could 
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simplify the program's usage. Similarly during the course ofthe project many different 
air flow characteristics were noticed and further investigations are necessary if a more 
complete understanding ofthe air flow into exhaust hoods is desired. 
15.3.1 THE PROGRAM 
While using the computer model to predict air flow velocities, it became very 
clear that the following additions could significantly improve the program. 
i) More graphics could be introduced. The program could be much more user 
friendly during the input stage, if the coordinates of a point in space at which the user 
would like to find the air flow velocity, could be shown in a graphical manner. Also, 
although during the output phase in the program the coordinates are given in script and 
tabular form, a comprehensive additional graphical display of the requested point in 
space would improve the value ofthe program to its user. 
ii) A significant improvement to the computer model could be if not only the 
speed of the air flow was calculated, but also its direction was given. This added 
feature would require a large amount of work, but the resulting program would be able 
to express the air flow velocity in vectors of magnitude and direction. This feature 
would increase the programs flexibility. Estimates of the air flow velocity could be 
made even if a draught or cross wind is present. The system would also be able to 
cope better with particles released with an initial velocity. 
Due to the considerable programming knowledge needed to perform the above 
tasks, such projects would not only require the services of a researcher in local exhaust 
ventilation but the computer model has to be written by a very competent programmer. 
15.3.2 THE INFLUENCE OF THE TRANSITION SHAPE ON VELOCITY 
CONTOURS 
Many different air flow characteristics were observed while the work in this 
project was carried out. Some of these phenomena can be further investigated to give a 
local exhaust ventilation designer a more thorough understanding ofthe topic. With a 
good knowledge of what to expect when different hood configurations are used, a 
much more efficient exhaust inlet can be designed for a particular application. Some 
of the other research projects that can increase local exhaust hood design knowledge 
are outlined below. 
i) M a n y researchers consider that the shape of the transition section fitted 
between the exhaust inlet and the suction duct does not influence the velocity ratios 
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obtained. Other researchers claim that the transition shape can make a difference. The 
author is of the opinion that the difference is probably quite small for the more 
c o m m o n type transition sections with an included angle of perhaps in between 45 to 
90 degrees. At the extreme end ofthe scale the transition shape probably will make a 
noticeable difference. A project built around this uncertainty could at some stage be 
worthwhile. 
ii) In line with other researchers it was observed, while working on this project, 
that as the aspect ratio of an exhaust hood increased for a given inlet area, the velocity 
ratio in front of these hoods decreased. The figures 45 and 46 in chapter 10 clearly 
show this phenomenon. However the author is of the opinion that the statement may 
over simplify the situation somewhat. The air flow distribution across the inlet face of 
the exhaust hoods must also influence the velocity ratios developed. In this project the 
maximum aspect ratio used was 16:1 and the reason was that at this ratio and beyond, 
the suction near the ends ofthe inlet reduces quite quickly. This is probably due to the 
type of transition duct used in this project. By redesigning this transition duct in such a 
manner as to ensure that the distribution ofthe suction is spread evenly across the slot 
inlet it is quite possible that the reduction in velocity ratio as the aspect ratio is 
increased can be halted. Perhaps a much more efficient slot design can be achieved by 
splitting the suction duct into a number of branches each providing equal suction to 
part of the exhaust inlet. To obtain a balanced design could of course prove to be 
difficult. 
15.3.3 OTHER IMPROVEMENTS TO EXHAUST VENTILATION 
SYSTEMS 
i) A possible improvement to the efficiency of an exhaust system is the fitting of 
a grid in the inlet of the exhaust hood. Such a grid will be able to direct the air flow 
into the inlet and the vena contracta can be manipulated. This manipulation may 
perhaps improve the velocity distribution across the inlet by attempting to prevent the 
vena contracta from forming effectively as the grid tends to straighten air flow 
streamlines. A grid could apart from increasing the efficiency of the system also 
improve the velocity ratios obtained. It m a y even be possible to fit the strips that make 
up the grid at various angles and thus influence the air flow directions outside the 
exhaust hood. Such an approach is also worthy of investigation. 
ii) The effect of planes perpendicular to the inlet face was studied by Fletcher 
(1982). Although the investigation was carried out on measuring planes at right 
angles to one another, the improvement found in the velocity ratio was expressed in 
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line velocities only. It may be beneficial to research the area further in a three 
dimensional manner. 
iii) A n air flow visualisation apparatus was built in the course of this research 
project. Although the apparatus did the job necessary for this project, it was found to 
have many limitations. A much more effective apparatus can be designed and build. 
Equipment like this can be of enormous benefit when studying some of the more 
unusual flow phenomenon. For instance the effects of obstructions and cross drafts to 
the air flow pattern can then be studied. 
Some ofthe topics for further research as outlined above do have the potential for 
perhaps Master by research studies. Other topics may suit undergraduate project 
students far better. 
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